
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADA801547

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 20 APR 1944.
Other requests shall be referred to Office of
Scientific Research and Development,
Washington, DC 20301.

OSRD list no. 3 dtd 2-11 Jan 1946; OTS index
dtd Jun 1947



Reproduced    by 

AIR DOCUMENTS DIVISION 

*  t   i■'■"• 
* 

HEADQUARTERS AIR MATERIEL COMMAND      ■£ 

WRIGHT HELD. DAYTON, OHIO 



«3% 
US GoVfR/VMF/v 

•S ABSOLVED 

WN0,Ne <X WE FOIi8GN 

«WHTS WHKH MAV K WVOLVED. 

r 

MAY 

IN. 

PATENT 

HEADOU> 

WRIGHT FIELD. DAYTON, OHIO 

I 





I 

f,z- X 
Division   // 

NATIONAL DEFENSE RESEARCH COMOTTEE 

of the 

OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT 

OSRD No.    JtJfÖb 

Copy No.    rftf 

^ 

0 4& 



COt'FIDEliTIAL 

Di visit n 11 
NATIONAL DEFENS3 RESEARCH COraJITTEE 

of the 
C7FICE OP SCIENTIFIC RESEARCH AND DEVELOPMENT 

FL*S THROWER .KIHIS 

by 
R.  D.  Dawson and E. R» "ihite.  Chemists 

Shell Development Compare 

Report C3PD No.  3i>'06 

Copy No.      J-/ll 

Date:    April 20,   1944 

Copy Nos 
1-28 

2? 

30 

31-34 

35 
-■ 

Dr.  Irvin Stewart 
Ccranandant, U,  S. ?jarine Corps H.-adquarters 
Attentionj    Lt. Col. L. S, Ivlarie 
Office of the Chief of Chemical "Jarfare Servioe 
Attention:     Technical Division,  Liaison Branch 
Chemical Tfarfare Center,  Edgowood Arsenal 
Attenticni     Brig. Gen. "U C. Kabrich 
Mr» E.  P. Stevenson 
Division 11 ?il<:,-s 

T"tal  Number of Copies    -    45 

This  document uontains  Information affecting the  national  defense of 
the United States within thi   iw oning of the Espionage Act,  I ,S.C. iJOj 
31 and 3?.m    Its  transmission or   the revelation of its  contents  in any 
manner to an unauthorized person is prohibited by lav/. 

CONFIDENTIAL 



CONFIDENTIAL 

OSRD No. 35C6 

Divi sion 11 
NATIONAL DEFENSE RESEARCH COMMITTEE 

of the 
OFFICE OF SCIENTIFIC RESEARCH AM) DEVELOPMENT 

Section 11,3 

FLAIE THROVE!! FTTEL5 

Service Directive]    CWS-10 

Endorsement (1)    From E.  P« Stevenson,   Chief,   Division 11  to Dr. 
Irvin Stewart,  Executive Secretary of the national Defense Research 
Conr.ittee» 

Forwarding report and notinfit 

"This   report covers   a variety of studies on flame 
thrower fuels of the üapalnv-casoline Cel type 
with particular emphasis in oxidation and oxida- 
tion inhibitors,   and theories of gel structure," 

This  is  a Final Report under  Contract 11-394,  r"Vcr-9l6 with Shell 
Devel.''fE< nt Zc mpany« 

CONFIDENTIAL 



I Ü- 

TABLE OF OOIjTgHTS 

■ *.,■ t \ HÜENTIÄL 
fir1 

Par. No. Subject iJitter 

Sunnary 

Pago No. 

- - 

I Introduct ion 1 

II Preliminary Laboratory 'fork 1 

III Possible Variations of the riupalr. 
Formula 

5 

IV Theory of Cel Structure 9 

V Inhibition of Oxidation of MapaIn 
Soaps 

17 

m-:: 

VI 

VII 

VIII 

E: 

Effect of Iron Content on the Oxidation 28 
Stability of jJajali.i 

specifications for uciptithojiiu Acids 28 

-Jeterriir.ation of .jstur in ijupulm 31 

Gel Additives to -liini;-,>.it;; Itabursaci, 33 
Rosid::n,  Increase jioistilty,   etc. 

Conclusion 35 
i 

M^^ 

I 

Si 

R 

k. -TO 



. '4 

r ■'. 

5 U t: U A R Y 
'IJ'HAi 1AL 

The investigation covers various methods oi' obtaining thickened 
fuels for use in Flame Thro-veru, tho purpose of this thic/.eninfr boinf? to 
provide a fuel bavin«; a hit-h calorific value, ready i.-jiitaaility, adhesive- 
ness, resirtance to disintegration in flight,  and stability in storage. 

- -ha*. 

' ■■■■&** 

In oectior. II of the report, toots on thickened fuels obtained 
by the follov/Inf» methods, 1) susponsic.s of small particles of cor.-.üustible 
solids in the fuel ba3e 2)  emulsions of r.-asoline with various liquids and 
3) gasoline £els ure discussed. The bulk of tho '.voric vms  aor.e on tha last 
named, particularly on gasoline rellea with ,klumiauK ueaps.  /«rtain other 
methods, however, mif'ht well repay further inv3stiratic::. 

oection III .ieals ,,-ith possible variations in the i.'&palm (aluminum 
soaps of occonut, naphthenic and oloic acids) formula, tho effoot of water 
and free acid and soap cor.ulaxity or. .-ascline reis. It is concluued that 
soaps made from cheaper aud more readily obtainable sources of acid, e.g., 
Tall Oil, could Tobubly be subatitutgd for tha sta;.b.\rl "; ■.spall:: acids. 

The theory of ;;el structure is r.oxt discussed i.t  so:.;=3 length, 
(see Section IV) particularly ••:1th regard t.- »h/.- effect of the addition of 
certain polar eotr.i.vjnds, v/hici. are effective in prevent i:;^ ihe  oxidation of 
the Tapaln soaps, both in the procoss of manufacture and in 3ubscu;u"r.t 
storage.  It is concluded that a number of thsse oxid.'ttion inhibitrrs 
(UOP ilo. 5, Lorer.e, /ilphatol, ana Alph/mil) car. be used in sufficient crncen- 
tration to prevent ox lactic,", -without auafror cf ar.v d^Jotsrious effects on 
the >VP1S prepared fror, these inhibited soaps. 

& 

I 

■i*2 

In Jeutior.3 V and VI the „hole question ?f ,;xi j:.-.tion stability 
of Mapalr: is f:xar;ined,  an accelerated method f.r te:;tir.;.  oxidation 
susceptibility described and th'i use of vnriou.; oj.iiKti.r.n inhibitors dis- 
cussed.    It  is dwEonstrr ted that vihcr. unsaturuted fatty acids are employed 
in the  soaps used for relation,  the addition of th«se  iiihit-itors facilitates 
rAanufaoturing operations  (particularly th>s di-yinr pr\:<ur.-ss) and also insures 
af.air.st  subsequent doteri-..rstion by »r.idvcioR  -n Ion.", storage,   even under 
tropical conditions.    They -.;ill ulr.o function btvneficiai.ly in overcoming the 
deleterious effects of iron although,  in the interests of econciiy,  the iron 
content  should be hell to a minimum. 

^xperi.-.ental •vork    ri various methods cf deter:,:iiiii;£ the moisture 
content of aluminum 3oaps is described in Section VIII.    i'o definite 
recommendation  can be rad« a:, to  the fii^tbod tc be udo;>ted because,  although 
each method rives results that are repioduoil 1';:, for a (riven sample of soap 
the vater cor.tc.t varies aocordinp to ti.v :r.i>tJiod usod. 

iv 
* 3 ■ 

In Section £ü  tha u«:a of various auaitives tc eliminate unburnt 
increaso donsity, etc. , is discussed, hore afain, no vary definite 

• v» 
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recommendations can be made as sufficient data were not obtained. The best 
results vrare observed with a mixture of two parts aluminum dust, sixteen 
parts poiassium porchlorate, and one hundred parts gel (8f, JTapalm in gasoline). 
This burns completely to an ash, the burning period is extended, ana the 
total number of calories produced is increased. 

In conclusion, additional linos of research which might ropay fur- 
ther investigation are briefly indicated. 

* 
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I.     Introduction.    The purpose of the investifntioit, the reuults of which tire 
embodied in the preaent report, was to develop a suitable thickened fuel for 
use in i'lai:.e throwerc.    Tue inain requisite of such a fuel are hi<:h calorific 
value and ipr.iiaLility,   stability in storage,  iidhowiveness,  an 1 resistance 
to break up in flight,  thus perpittinfr maximum ran;;e  to  bo  obtaii'Od. 

'.•hen the abovo contract <vas «.Cured into,  this probler. of producing 
a thickened fuel v/*s presented without  limitations as to the manner in which 
its solution was to Ve accompl iahed,    irovioua wori; had boon done by other 
contractors,   particularly on Aluminum 3o^is   (Nupal;-.)  -\i.ti rifcthacrylute robins 
vrith the result that certain obvious disudvuritnj.es cf both these  tyfes of 
gasoline thickeners had eoir.o t~  lij;hr,.     .Vttonptü,   uhorufore,  vrere made  to 
find a thickenir..;.', a^ont free fron the drawbacks inherent  in the afore- 
mentioned materials.    In general,  there appeared to bo four oossible methods 
of attack which are outlined bel'-vv: 

■$■ 

k 
* 

l 
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(a) Lowering tho fluidit;.- cf the liquid fuol and at th'3 same 
tine retaiiiir.": the properties of a Ke-ytonian fluiu either by 
coolinp rr by addition of a aoliite,    Ti.i^ cochod, uov/ever, 
would ranult ir.  tho simultaneous reduction of both the 
escaping terdency and the inflammability r.t tu» liquid.     It 
would not,  thoroffre,  appear to merit further consideration« 

(b) Production cf a awi-rirtl'I,  'ola.iti.'.! structure  in a li.juid by 
the addition of riilily ly.phylic partiol?s of nearly colloidal 
size*    As examples of tJiia class cf thic'.;e:.ed fluid,  drilling 
muds,  oildap, and non-hydratod Si/ireh pastes may be cited.    The 
flow properties of this tyj-o vary from tl.iy.c tropic tf  dilatant, 
and in ror.'iral,  thulr sohojuvonoss tendn to be lev:, 

(c) Ei".ul::if'/ir.;:  t'.;e  furl v:ith ?ras or liquid.    H'.ilin,? out  fcams, 
such eaulr.ifind furls -./ivjiu offer tii>j aav5«.t'»j.;e -if complete 
combustibility, aauunlii'' t;.at t,;o combustihle liquids are used 
in making up the ei.iuibiun.    One fT>:\.t  iisadv intake,  however, 
of  this type- of fluid would la the r.eed for adequate emulsi- 
fying equint.ii'r.t as well as fillinc apparatus at th\a forward 
hasp. 

(u) Produoiu--; a seni-rit'id >:ol structure in the fuel by addition 
of so ;e extremely lycohyli: ts-iterial« Ttiu thiu/euers nc.v in 
•jije  such us MripuL: bolotv, cf course;,  to  ujus latter class. 

II.    Preliminary Laboratory   ,'ork.    Preliminary teste '.vero :,i&de on the prepa- 
ration of thlokouod fuels balor..;ine7 to th« l**i>t ti.rt-.s of the above categories 
without,  ho\.<ever,  ^btainin:   any outetai.ii:.,'ly orlpln--!  r'ifsultts.    These tests 
will nov; bo recordul,  hovovar, mainly it: or>i ;r to pr-jv.jr.c  duplication,  but 
at tho ssiiT.Fs tiiif ihey ;-.uy pcoüibly rrove useful as iniia^tiovt fcr further 
research alon;j sonw/lmt eii.ilar linns. 

I- 
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(1) oUi-'TMinsions of s:;.all particJe.;. This class produces 1X3 thick- 
ening action by increasing internal friction an: the properties 
of  such suspension;; may be briefly outlined ut this point. " 

.'i3Suiaing approximately spherical particles, at about 48 per 
cc-r.t cf solid, tne suspension v/ill huve no nobility, regard- 
less of particle size, LIS ti.i; corresponds to close packing 
„f ehe spheres. As ti..< suspension is iiluteu tnere ic a 
region of  plasticity or resistance tc flow which nay extend 

•■ a v/ide or narrow rano'e of dilution, depending on the 
nature of the particles ana their ax2.e. .,ü the particle size 
decreases, the plasuicity ran;-e of concentration becomes 

■ a . ir but at nearly colloidal size the mobility a:-ain 
i::ureu3es o"inr to the i: t< rference of ' ro:mien movement, 
'ith particles which adsorb -..'::•'   solvent and are sufficiently 
finely divided, the solvent 1\. •■ ad; rbed re resents a con- 
siderable fraction of t'ae immobile cross section vrhen the 
»articles rest on each other and, hence, a plastic solid iu 
produced with les3 suspended ratter than 'itii unsolvated 
particles. Thus, a sample of "colloidu3" frrapi.it'; -hich •■■as 
both finely divided and solvated v/as plastic at a concentration 
of 5'd  per cent, wi reas a  ■■  r sa.inle .. clay did not 
r .i.it- deformation until a Co:; ■■• tration of ?'.< nor ce; 
been exo-; 

As it .  .  Lruble to h..ve u L,r■ i.- >■:  .'...■ a. ent will ■ ■■  will not 
■■ the -alorii'ic vaim  f •• ■ fuel o a nair.ea extent, 

t ■: ,.. -ere :-.ade us -.  i   ■ -iile ;  ;■ ra. I_c ..pi lack und 
graphite, it ens founu, could not be iispersod i:. "lasoiine 
without settling, even Li' nassed thrc-urJ a colloid will. The 
udditlon, \. .:■■;:■,   of  ...       r co:;t of :..'■..1:. i.o  t:.a fuel acted 
as a peptizing n.-.-.'.at and resulted i:; ... carLion being dispersed 
during one passu-ro tlirou"h a suitable ■ LI Lo mill. Jispersions 
obtained i:. this manner were aJ  t as fluid us the gajoline 
itself when 15 P°r cent cf carbon hau bed: added but, on 
flocuulution i«ith u small amount of acetic acid, became .juite 
thick and did :..-■(,  settle ver a period f a month. Ti.eso sus- 
pensions wore tnixotropic and possessed only a slipht : :• •• 
of elasticity. 

The ulove lar;pblu.:K suspension was projected, unifnited, from 
the only ievice oi hand ut the time, namely, a a.:, naie by 
conversion of a sin/;le cylinder motor, ti... ras explosion in 
tae cylinder ' oir.,' uaed a:> a source oi     Llant energy. As 
u result of the violent pulsatin, a :i1 iti n .' ci".e fuel 
■ ■ i.;(?ed by this device, the foiupej sion /'a.; about 90 per cent 

* Far more complete discussion see .:i.\ ha , "Fluidity and 
i■:• si i !it ■•', c iraw-Hill. 



atomized at the r.ozzlo. A few s::;all nieces traveled the sane dis- 
tance as a Napalm pel propelled by the i>u;'io means but the trials 
v/ere, or. the whole, unsatisfactory and ••."-„TO not repeated when a 
r.oro effective propelling device became available as, in the mean- 
tine it had Veen found by static burning ti?stc that nearly all the 
carton retrained as an  unturned residue, which shrank and peeled off 
the target ac the gasoline burned away. 

Formation of a suspension of sulfur in f.-asnlir.e -»ras then attempted 
by simultaneously pasoinn hydrogen sulfide and sulfur dioxide thrcurh 
the liquid. Tho reaction via.*: slov; until the gasoline became 
saturated with sulfur and v/ater, whereupon the sulfur then precipi- 
tated as a crystalline curd. Owing to the appreciable solubility 
of sulfur ir. gasoline any sr.all particles formed aoon dissolved and 
repreclpitated in .-.acrcerystallino form so that no ->er:.ian«nt sus- 
pension was obtainable. 

F;ed phosphorus, finely ground, required »he :.i.:': .. of a little 
Kapaln in oruer to peptize it in .-asolii.c, but ■ :en the fuel ;as 
burned it was found that the sea- layer c:-. the residue prevented 
combustion, the net resile ' ii'.\ ■ the üJ. e >'.:.  v:itl: carbon. 

In conclusion, the fuels telc::E-i:..;- to this cste ■   u not appear to 
be promising, r.ainly us a result of their lev; cohesive strength, 
. - ver, a combination of this ^luss v/ith the . ■■ llir.( agents is later 
taker, up under tho heading of Loaded Fuels. 

(2) .3:»ulsioris.  If a stiff elastic aiulaion of : isolina i:: a., immiscible, 
inflammable li'i'.i t could be produced, a cot.ipletely burnable fuel 
v.'ould result. In order to  produce such an emulsion with a relatively 
small quantity of adaitivo, the latter muat form ihe outer phase and, 
in order to iiwroase tha r;arr/ine;:ce of the e.nulsion, a stabilizer 
should llso be added, l.orjcver, to cause adherence to the target, 
the suter phase should botji v;et the latter ■it:., at '-he sa-.e time, be 
viscous enou; h to prevent slippage. 

On cursory inspection the indications ore that ethylone glycol or 
the lcrer glycoryl ethers, carlitols ana celloi-olvea ;■  uld appear to 
satisfy the requirements fairly •:oll. An oxperi • .'. using 5 per cent 
glycol, 0.5 per cent ordinary soaj ■■.: I  M.5 per ?-r,n: gasoline failed 
as the low surfuce ■. •■'.ivity of the soap in plyaol solution prevented 
the formation of a sufficiently stable emulsion. This line of 
approach was not pursued furthi ■     to the as.i resent of the main 
problem, but L„ is oi'.c.  that mi; ht very :r".ll  r-^pav further investi- 

>n. 
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(3)    i^elH.    Of the ashless compounds,  the  following rv.aterials were trioU, 
but in no cuse '/ore satisfactory results obtained. 

Pyroxylin dissolved in ethyl acetate,  ucetone or as collodion is 
lyophobic '.;hen added to gasoline,  ritijer a   gelatinous precipitate 
or ar. easily synerizing gel resulting.    Tb3 precipitate packs on 
pressing and is,  therefore,  unsuitable. 

Cellulose acetate precipitates ,hon an atkyl '.cetat.j solution is 
added tc   »;aso]ine. 

Polyisobutylene, LI.IV.  -   IOC,000,  slo-./ly dissolves in easclina tut 
too much, about  15 per cent,   is required to thicken ti.3 lutiar, 
the resultant product being sticky. 

Polystyrene, a hard sur.ple of unknown molecular -reirht, dissolve 1 
in benzene-acetone but precipitated on •-■    L        u:;cli.;e. 

.Llyl lir.oleata  sh.'.,r;.i  ..;ii ■. x   av?llinr ii. gusolinc.    Respite 
t:;o fore;.;oiiii.' failures,  it is pos: :I le  that, ur.der different  con- 
ditions,   solle ■.:>£' the above compounds r.i  '.t  huva    iven more 
satisfactory results. I i 

The results OT;  sevural  soap  ly Ltives are tabulated belo% 
The terns oloato,   steurate,  etc.,  are applied tc   the technical 
products thoufh their actual composition is usually f'xr i^roia that 
•.:;.ioh the none -/ould indicate.    'lerek's ":„.■.:•: i acid", for 
oxar.ple,   contains fron JO to 50 per etne  steoric -..cid, and 50 per 
ce: i.  pure oloi;- acid  is an exceptional occ:.r;'" . ■ i in the techni- 
•■• i   red oil3 or c.ltsic a--: i     . '.   . 

Action oi' Gasoline on Various .Jo:: 
(5,-  Joa.'  -   ?5c    K-.: oi.ir.0  -  :ir»j;.   'i:.:   ■.•■.'.'.:•   ) 

oca" .icticri 

.iL.i." inum Oleate 

lAlui.'.inuC Rosinace 
.Alumii.'i:-.  ;/C''aruto 
I.ai'inesiun iitoarata 
Lt-a'i Linoleate 

!I<eud Oloate 
;Xinc .j' earutu 
,<iinc Pulnitate 
!2inc "a. sinate 

•      ! iui :-.'; C ■ • 

r-i.- it! . 1 1 enzyl Aiuioniuri 
or Oleato 

ILiiMiun   A':-    ■ 

llinor s-.velli^t' - considerable 
.-J(.j;:)3 ::rf'3e'.t. 

Iione 
::one 
Iartly  soluble,   ] lavinp precipitate 
:<c no 
Very slight «veiling - lyophylic 
Solvates and  : thixotropic 
.    : 

Little well! 
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Aluminum, magnesium, calcium und zinc ioiiB tend to form co-ordi- 
nation compo'inds with organic substances containing oxygon or 
nitrogen.    Ttieso: addition complexes JIV itcually more oil soluble 
than the unco-ordinated  *;alts.    As nitrogen ia particularly effective 
in this respect,  trials were made with some of t.;s above compounds 
to ascertain the effect of ouch co-ordination.    The nitrogen bases 
chosen were quite weak as to basic strength  in ordor to prevent 
netathasis with ths netal soups,    j-'ijoline,  pyrldino. ana two t'uto 
of petroleum nitrogen bases wore tried,    rtli   v.ve  :-:ir.ilar results 
but  slightly greater effects were produced by -oho petroleum bauei;. 

Action of Gasolin» on i.'etaj   .;oa:.a Poetize:: 
by fptrole'jm Mtro.wn r-a^es. 

(8'/' Soap - ?2'/i gasoline - 2 nols of base per mol of soap) 

3oap Action 

liinn Palmitato or Swells tc a <• si ;/hlch is thick but 1 
Stearate net very coho rl ve 

Calcium Stearate ..•:• Ll(       .   is  inferior to ^inc 
saltE  in thickening power 

ijignesiuir  Ctei:rat Dissolves above p^"'.,   aots to a 
Londei   • ■'■  belo 1 "ib' -■ 

Aluminum  -jtearato .Dissolves completely,   sets to a gel 
at  -25°C 

Lea I Dli 
1 

Comparison of the data in the a ove two tab lt. ^ ■ 1'A;E some idea of the 
relative t<-n lor: ;;,   r>f these ions to co-ordinate and su.", .:,-ts that the 
sane typo of chonge may be responsible for t:.    'üL;t.st,rous effect of 
;ater on 1'apala gels. 

III.    iV.ssiblc  Variations :>f tlv, :'.^.;.alr. S'ore.ul-...    The irjxt phase of the prob- 
lem to be taken up vas the possibility of modifying the existing flapalm 
formula.    This typo of gelling agent, \*hich had already bear, extensivi ly 
investigated by other v;orkers in i/r.o field,  consists of ■•.■. mixture of the 
uluulnuri soapr of coconut,  oleic aria. naphthei.lc acids,     it  seemed de^ir-blo 
to  substitute,  if possible,  cheaper ar.u nor"; roadilj   available mati  ■. 
for ti:•; naphthenic and coconut acids,  especially since t!   .; . materials for 
tbe most part have to be imported.    Uoraover,   if at the same tine a satis- 
factory soap or r;i?.turt; of  soaps couli be mado fror, acids of higher equivalort 

•i   :•,  lass aluTiinum suit per pound yield and, also,  less of this aluminum 
soap would bo required  to produce a gel of glvon viscosity.    .* cursory 
investigation of several native aci i sources was,  therefore,  carried out,  the 
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materials triad bei:i, the aeiuu derived fror, crude cottonseed, sardine and 
tall oil. \'hen soapu -«re preparod fror: those acida according to the usual 
procedure using 3 mols of caustic, 2  mola of acids and :i :.;ol of aluminum 
sulfate, it was found that thoir gelling properties differed considerably 
fro:,; the normal Napalm sua->s. Thus, with a  given watar content, the soanc 
in question gave stiffer, 3hcrter gels and, noroover, the tv.e  of gelation 
increased considerably as compared with iJapalm gals, i'owover, by inerea 
the amounts of water and free acid ii^ these soaps, rroduccs could bo obtained 
which would duplicate Eapalrs in producing u .'specification pel. These o)..;'::•- 
vations were made by comparing a supposedly specif lcation r'apalw with the 
sunplea mentioned by r.ean3 of a falling ball arrunger.ent, si::ce no Gardner 
r.otlloiaeter was available ut the ti:;e.  It wus, therefore, apparent that 
there ivis  nothing unique about the Kapal.ii formula nr.d that by  proper control 
of the composition of ehe product, acids derived fron other sourcea could vory 
well be used. 

At the sajrie Lire it was noted that, if uncouibinod polar compounds 
3iich us water, free acids und phenols were removed fror conujercial l.apal". by 
extractier. with acetone, a product resulted t/hie* wus similar to the soaps 
i'ror. tall oil, e;o., In --hat it set slowly to givt shore gels auU, if the 
extraction were eor.plete enough, residue: wore produced "..ich would not swell 
in gasoline. 

As the foregoing effects required so"ie explarajioa an : a more 
quantitative substantiation, a IJapalm soap was tntia  by precipifiti:;,? a neutral 
soda soqp Mixture "ith basic a      sulfate. Cn  extraction of this i.iaterial 
"•it!, cold acetone t rslatively c . .. . ., •/ i -\x,  13.2 per cent of extract was 
obtained vi  ich contaiii.-d about 7 per 3o:it of the eoup .;.:... . :' cart xylic 
acids, 2.1 per C'-.r.t alkyl phenols, 3 nor cent neutral oil ami 1.1 por cent 
water, "he fact that the latter ea:..e solely fro: ••: soap .'/as not proved. 
The water content of c-':e extracted soap \/aa 0,3 per cent by the Dean and Ot&rk 
method (4 hours extraction) and 1.2 per cent l.y the Modified iischor method 
(aee section or; water determination), while the unextrsctod Material con- 
tained 1.1 per cent water i>ean and Sturk and 2,3 por cent by the jisaher 
method. The free aei-Ia were preauued co La approximately 0 a:..i 7 P'-r ce.\t, 
respectively, en t,he two samples. It -./as later found fch i ir. non-anhydrous 
media, free acid could be extracted continuously at a slaek'Sr.ing rate until 
a mono oarboxylate was left as a residue. Therefore, ti. •. free acid content 
•■if !...•■> extracted soap ma  probably not zsro  when the tma.sure^e.ita were :.mde,* 
To the extracted sample, varying amounts of v/ater and free Ä-104-D (Napalm) 
mixed acids were added back 'i: i \,  per cent gels in Shell Prer.iiur1 t.asoline wc-re 

• UD i:: :.easier tubes containing 1/2 inch stoel balla. The rates of fall of 
the balls is given ir. the folio 'in. t.ible. 

See also L'cBain and ilcClstchio; J.A.C.d., ; :'; ??66 (.'.93?) 



Effect of '.'at er and Free ncid on Gel Viscosity 

10 cm, full i I....; (.niiiutesjl 

I Added '/. Added of 1/2" o teel Ball 
3ampie '/at p I Faaalm Acids 24 Ijoura 

1 

Hi  houra 

"fupoln o 0 !    515 45.8 

0 o 1 ca 6000 5000 
0.18 0 ! ca 5000 590 
0.55 o 2350 71.6 

Extracted 0.84 0 3700 2.0 
all"! 0. 93 o 38.4 -.001 

1.13 G 50 -.001 
0 4.7 43 0.2 
0 7.1 5 •-.001 
0 10.2 "- .001 -.001 
0.21 4.8 69 -.001 
0,60 4.9 ... ■: -.001 

Tail oil soap 0 0 
1 

4000 3500 

Cottonseed soap) 0 0 2200 
i 

1620 

;.r0T":    'J'!..55f early results arc ei-rutic owin> tc laok •;;' equilibrium,  but 
i.ro  included .;i:.co th<r.   lo she»:/ differences ir rate    f breakdown us 
effected by -.rator rind frei; acid. 

Summarizing,  the ncrnaJ  • f preparation of ;v.;.lr.-. results in 
a complex mixture of soana •,•;.!.;:.  La self-peptizinp; ai i th■■ addition or polar 

'.r:üc to Napalm ul'.vays raöulto in a lowered ■■■' .,     Jonv^rsely, 
•   r   .. val   if these polar compounds r'ii:. :• the v:..-  . ity. 

It will no:-r be pertinent  to ■■.;■. ;ine sons lat-sr data dealing i.-ith tho 
ltss complex type of soap prepared froi.; aoiUi    :•■.;■:. ■.  ..       ■. single jource, 
uc for example,  sardine,  cottonseed or lull oil.    The leoj Bomplex i-jar-3 do 
not rel ac all readily '."lwrj  ni. ir •;•..*; »r ai i  .        ■. -i .  c    t' uts are lov; but, 
or. the addition of polar compounds,   however, they spall Mora and more rei  lil; 
.:     ..'   Lin     \.ile the viscosities    i'    .     resultant ,■ als i'ir.Mt  ir.crcaao to a 

maxitiUr. and,  thereafter,       ■ • a     in u manner sitailar to that  .      :::    ./ the 
above duta on i'apalhi.    The aa..e effects -.ii".' produced if,  inatead of adding 
free acids, the complexity    r Lh<   soap l.; increased    y incorporatini   .    .  . 
other than tall oil .son;., for example, •■.'ith the latter. 
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Sffoat oil Sei Vlsoo::ity of Ineruaain, 
the ^'ar.^Xoxii'j of ,'tlu::ari'. UEi   JoiJ.B;       TZ 

sis in aaell Premium Gasoline 
(Approximately rji   Jator Content - Free Acid Lost;  i'han },«) 

Aluminum  ooap 
Gardiner 
Viscosity P.emarics 

(pure f) 
(1)  Stearete  (acid = 69.2°0  ) iiojs not  s\v.,'lJ 

(lurer than USP .tcid) 
(2) Oloate  (U.P. acid - ?.5°0    ) II II II 

(5)  Resinate ii i: n 

[■i)  Tall Oil 170 Opaque,   crumbly 

(5)   90?- Trill Oil,  10?, Kaphthenate IL'6 C1- "'.;-,   short,   oru; .v ly 

(6) 3C 610 

n) 6o,: 4i ■' 8 JO 31 » rer i.han ubove.   short 

(8)   907. Tall Oil,  10/, Cleatc 
:• ■ Ji::.ilar  i •   i .• 1   I enato 

ure   (5)  but  1.;::, 
sjlvble 

(9)   80? 

[:.■■■) So- 

20 

«   l/k 

536 .1   ' h:.r to naphthenute 
:;-.i AUre   (G)   bur.  lo3E 
soluble 

yi6 div.il ar 1.0 naphthennte 
v.ixturii  (7) tut   less 

ible 

(11) ^0: (10)! ) 
(10,. Kaphthenate) 

7Ö0      Compare with 00 - 20 
mixtures (6) and (9) 
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Effect of Added Free Acid on Gel Viscosity 
of Certain Aluminum Joaps 

WTAI. 

«lumir.un Soan 
Added Free Acid (Vt.> of 

.ft. of Heutral Soap Taken) 

Tall oil 

90/. tall oil, 
lOf. naphthanate 

60/1 tall oil 
40f. naphthenate 

No addition of frcs* acid 
10/. naphthcnic 

No addition of froe acid 
10/1 naphthonic 
20)1 
XO'j. oloic 
20f.      " 
10,1 tall oil 

To addition of free acid 
10(- naphthsnie 
10> olcic 
10,1 tall oil 

1 '.foek Gardiner 
 Vi sco a it lea 

170 
500 

463 
666 
702 
603 
655 
606 

634 
842 
894 
394 

All the above fols ure uliort, the lowest havii.,: (in extensibility 
of only 0,3 inch b'.:t, r.evarthi'leso,  the direction 01' procedure is indicated. 
Sxtensibility will be yained at a sacrifice of viscosity i-y further compli- 
catinp the mixture or by adding more frer* a.:id.    .»s a rssuH of their high 
molecular wsii'ht, tall .il soap:: require mere prtptizcr war. do the lower 
molecular v/el.jht  sardine und cottonseed sups.    Xi.o latter,  in particular, 
as would be expected from its conporltiou, approaclv-iQ UValr.: in its proper- 
ties quite closely even "here no additives urJ nreeaiit, 

IV,    Theory of Gel Structure.    After !:uir.minG UP *h* portirwnt facts con- 
cerning the chemical behavior of tue .■.•.lui.-.inun atom, an hypothesis concerning 
gel structure nay be advanced: 

(1) The hydroxyl rroup of 'ilumir.ur, hydroxy dicurboxylates is too 
weak a base to cor.bir.e "ioh a third carbcxyl «.roun in trvie 
salt formation,  oartiuularly in aqueous solution.    Compounds 
of the type AlioAaJjOH.AcO;:, where Ac = acyl are Knovm, but 
the third cartu-xyl group is connected by a co-ordinate, rather 
than by an ionic bond -iiul is easily rer.oved -.;ilhout hydrolysis. 
Corotiounda of the form Al(0Au)j may be foriiod under extreme 
dehydrating conditions but aro of the character of acid 
arihydriu.es and,  like these, are readily h;.Mrolyzed, 

(2) The aluminum atom possesses a atronr, tor.aency to co-ordinate 
with compoundb containing ".n electro-.' J.onor atom, usually 
oxygon or nitrogen aeons,    i.y this donation of electrons the 
positive aluniinui".: atom can form 11 tetrriliQ<lr:il structure, and 
become less polar»    üone examples of eluctrcn donor compounds 

I 

I a- 

I 

f 

l 

f'r 

il 

fc.sH 

•r  !; 

Ii- r 
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which urn applicable are water,  carboxylic acids, alcohols,  phenols, 
amines and,  particularly,  the carboxyl oxy,™or& of th.j aluminum 
salts thensolves.    In tfca presence cf luore than onii of those 
species,  equilibria are established fnvori'.;;- coisbiuation with the 
compounds which co-ordinute with the crtiuteiJX  de^foe of aviiity. 

An assuir.ption .mich no-.; nay he reasonably isucio froi:. the above 
facts is that,   in the absence of extraneous electron donors,   i,he alür.ir.'Mfi 
hydroxy dicarboxylate rioloc.iles link together in branched, cnair.s thr ui/h 
carbonyl cxy&sc-uluEiinuc! co-ordinate bonds.    The hi(;.h Molc""jlar v/oi'.ht of 
ouch a,-;^ro(-uT,es is evidenced by hifli melting point a;:d ^enaral insolubility. 
That the said bonds arc itoder-jtcly stronr; is also  "oncludud froia the su:ie 
proportijs.    The fact that very little X-ray pattern is obtained indicates 
that the  chain structure, once fcrmea,   is not  nermaner.t but  is continually 
exchanging molecules bev/ceu positions -it attachment and thus  chui/s little 
evidence of oryaial structure.     In order for this to bo so,   it must be 
assumed that,  on the average, a s/.ie.ll fraction of t;.«s molecules './ill be 
unoo-crcliuvtod at any fivon tiro an:v also,  in order to account for soir.o e.el 
properties,  that these individuals are soluble  in no:.-l«".lar solventes. 

I: 
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The final potstulatlor. is that  if aoveral cnrbo/ylic acids are used 
in the formulation of the aluminuu a.sap,   euch r.iolocular  s^jcist  -iresont will 
exert its own escaping tende.-icy practically in'ioi'ond'-ntjy of tho ethers and 
thus the solubility or the mizcurs .'/ill be rx^ater  than :;iiv of  its con;parents. 
This has boon sh;-.:n t? be tho aaae in a i.i-n Ionic rks-.iiui.. i\r ar homolC|--:us 
series '.:hen the materials arc- insuif ici<)itcly solubi o V   ahixi.zn iUv. .iroportie:; 
of the  solvent appreciably,    ..n ii'.cre&sa  in th-' nuii:ber of euloculur species 
and,   ocnseijUüT.tly,   in tho   solubility r..ay also be broui.'flt  abc.it  by t)io ad- 
dition of  strongly c.-i-oruinatU;.'' Kir.pouiids  to   :.he  ooa; ,   but   the effect  on 
solubility is no-.,' still  furthor ouhuiicsu as the polar (!-J.-.:I >ur«la als-; compete 
with the  soap molecules as co-ordinatinr. a#?i=i;t:i fir   i#he 
3ach time this happens, the molecular a?.-re/ruto id brob 
molecular v/eifht.    :ji;Lco an aluminum at.:.. co-ordinated '. 
instance,   is no lonpor available for chuin buildiu:,   Li-i 
statistically nor* looar Molecular "joi;:!:t f ruf-vsont s: at ■ 
hence, a nrjator increase of soap solubility.    .» ,.ood «:a;:iple of this effect 
is the-.T. in the p:-cc«aa of ovyn drying. '■■! aoa;'.    Thus, '.vet  sa».;Plo? '•!' soap 
will  sinter if bronfiit tr. IfeO0? tro rapialy,   -mili; if the  su!:.e soap is driad 
more c^r.-ifully it nay b^ heated to abovo 200ci" ■;itnout  uint^rinf;.     .'hen 
cowplotily dry  it will risüuir. :w.r.irti.-rei up to  tenperat'ifur. as i.i...h as 500*¥, 
depearlir,fr oil its frets aci-i conti.-nt.    Ccmparea vith wctor or an air.ine or a 
pnenol,  '..'xciss free acid produces a rclativeiv U::.L11 effect  sinco uiurilnuu 
co-ordiriat'.is with fl aarbox"./lio acid or '»itiL u!)>.iti.or aoa,; rwloculo vith about 
equal facility. 

lamination of tro data ruveala the follo.ir.fr ohaiii.os in the be- 
havior of aluminum soaps tmvard gc-lli;.;r oolv-;nts as zh* aoup solubility 
increasfo: 

alu:i;i"m atoms. 
:.'t. oovm to a lever 
r.'iti; a T.hencl,  for 
iV-3     ill \>t> 
ny .riven ti:.-e and, 

it 
r.f..- 

r- 

P. 

if« 
..; ^.J' 
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A pure.  dry aluminum soup made from a C.P.  u:ii,  -i.g. ,  aluminum 
hydroxy distearate, will not  swell ti-t   oil in gasoline.    This remark should 
be (lualifiod by ae;:nov;leuginf the fact that the  solubilitiea of these pure 
soaps J.o differ and that,  in general,   -. Lability ii :ri .:;•.- in non-polar 
advents as the nolocular weight falls ami approach« 3 thut of the Cj2 acids. 
An increase in solubility is also brought about by unsaturation of the ucyl 
radicals.     Soaps having ucyl radicals which inhibit   jo-o.-din: tic;, b;-.'  fitoric 
hindrance should also bo quite soluble.    However,   euch  Is not irnovn to bo 
the  case.    Ko'7,  as a polar compound is a-ided to the  scan or alternatively, 
•.\3 the complexity of the acyl radical mixture is .    sreased,  the  soap will 
swoll mere and more readily up to the point where all the liquid is ad. 
in the pel  structure.    At  this point the gel is short and crusibly and 
possesses lov; cohesiveness.    Thereafter,  the change way be followed by the 
chunge in viscosity and the increase in elongation allowed by the gel before 
rupture takes place,    AS the solubility increases,  the viscosity rises to u 
naximum and thereafter decreases ur.til a limpid fluid result:«.     Such is the 

.ore our equivalent of un a:r.ir.e has bear, added per tncle of a lure i nur. 
st.i-irut'.-.     "-ixv the viscosity maximum, tl.e 3hort gel tu ins to allow ci 
greater elongation before rupture.    Thus,   it  is possible to havd  ewe gelo of 
liKe viscosity,  one being short a\:d the other long. 

The above facts ray again ba explained :>:   the  . isis "f solubility. 
A short gel is preeured to have few rccbile molecules in tha solvent,      in 
application of a d.i.stortional stress to the gel struct  : • .   ■ irtial rupture 
occurs and there i -. Little chance for a Ireo nolocule i ..    'ap and 
reestablish the   chain.     The force required        ■• i : 1.-te  ehe rupture is now 
less than th>* original stress due to reduction in cross section and,   there- 
fore,  the   •■      -  parates.    Th<   rate of shear plnys a lar.'-;e pert in the case 

.' m   Lerat   '     shcrt  gels,  for if given  tine,   thor.. 'icient roserve 
molecules i.   solution to rr-.Tj^ir the i^aps or allov;  rjorientatii.n tr relieve 

'   lr..     .n the other hand,  the luiie gels 1..-.V.: plenty        reservi 
riol«cules and quickly compensate for impressed stress.    To    urn up, 
nobility  .:' the gel structure depends on the   äolubility ci' ths H    ■,<     i a 
glv •   sol   ■:'.■.,     hioh in turn depends on the number of i.;cleoular  •species 

■   ■    '.. 

i       fi'eol   :£ chui  -•  ii •■  lvent  car. b<> sup iri ..    ■■■<  on the abeve 
Lor.     :'•• L'C"?, the  soaps are more  soluble  in uror.atics than t;iey 

:.r"  in non  il paraffins.    Thus, ..■ .-ill   , 1     ol  in isocctar.o but 
SUali1 .:   1,     I! .   plu3 1.2  per  cent  -TUt^v v;i]       •■ : 

desirably :.; isooctaj • an:i     iv 11:.  i i  solution in benzol.    The 
solve.  soap sol     . •   ■■ .   than thut obtainable 
by chm   •.  •• ;.  ,   ..<:-.,   r of nolecul .:, 

': ; ■'' ■■ c.t   if t:       ..,..,. tile above e .>T:jf\-.i'i?cna      i ti.«;: are 
valid to the extent  tliut e.                   iti " •■     ;. ;'   time intervals 
:          ,he Ti.ji           1 ■. In .    Actually,   tie : ore    ilublo : i    ■    through all 
tha   -                           lort gel  to liquid as lolv   .'                ■ ,      ill     the less 
solid !;- soaps roach equilibrium at sere intern« diat' .     It  in apparent 
thut ti   re i   ni be  suffi                    cull r •   ■•.       I ive a 
reasonablj   ' ht but, 
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on the other hand, there must be insufficient to cause nearly complete 
solutior and, consequently, lack, of viscosity and gel structure. 

The U. S. method of attaining this result has been to employ a 
cc:r.pli.'x mixture of acius, vrhile tin; British prefer tue net nod of adding 
polar compounus such as xylonol*. to a relatively purs soup.  ftie result is 
sir.ilar but the U. a. method allows of greater tolerance of composition 
variations than does the British since small changes in the percentage of 
phenols added produce greater changes in pel characteristics than is 
experieneed when soaps containing nore or less free ayius are used. 

In u later section of this report the question of the oxidation of 
Napulm and its prevention by means of various inhibitors will be gone into 
at soi.e length. As these inhibitors are polar conpounds, a  consideration of 
th:ir effect on the properties of Napalm tc which they have bjen adie-i •;ould 
appear to be logical at this juncture when the theories of eel formation 
and breakdown arc under discussion. 

All the so far discovered effective oxidation inhibitors for 
unsaturated aluminum soaps are polar eor.ipour.ds contain!: •• amino and/or 
hydroxy groups, .is such, they ar-i soap poptizors unl, if added in suffi- 
cient quantity, will cause gel breakdown, -ibwever, it is no-.; proposed to 
shov; that the conclusion that inhibitors are dangerous for this reason i3 
not valii. 

In the first place, the effect of all polar compounds in a soap 
is some, additive function; that is, the added inhibitor, the mtor, the 
free fatty acids, the phenols, etc., present, in a sou!"' all contribute in 
varying degrees tc gel breakdown. Therefore, ons cannot say that, for 
example, one par c^nt of a certain added inhibitor will crise the breakdown 
cf any Napalm sample. Iiecalling the effect of polar compounds on '.'apalm 
gels in first increasing and, thereafter, decreasing the viscosity -.;hile 
increasing the elongation, it i:: soon thut in the car.: I . ort gelling 
soaps, a beneficial efiect can result. IT; is also obv:  . ! i1 addition of 
an Inhibitor to a soap, -:hich is 3f such composition that it i;j already at 
the breakdown point, -..ill certainly aggravate the situation, iha remedy 
for this, obviously, is tc manufacture soaps ■:.!.':., -ithout inhibitor, 
would be of too hi,?,h a viscosity, and then peptize them '..'iti: the latter« 
This is, in part, analogous to the British method. .»;*air the addition of 
an effective amount of inhibitor cur. be compensated for, in most cases, by 
drying the soaps more thoroughly, 

Secondly, the tendency of inhibitors to cause gel breakdown ..'ill 
depend on the follcui::r properties: 

(1) The avidity with which they co-ordlnati with aluminum. 

(2) Their percentage polarity; i.e., the fraction of the molecular 
; ••.'. per polar .Tr'-up. Thus, if a  •:iv.;:i weicht of hydro 

quinone be incorporated in a nnar almost twice as many hydroxyl 
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groups iiuve been added thei-eto as vmuld b-  i. i.r • ;>. ■■• i by the 
addition of the suiue weight of phenol. 

(3) Their inhibitory effectiveness.     If vahiuhlmr.l.y snail amounts 
aro required,  the contribution to . n „ill be 
negligible. 

(4) Any peculiar molecular structure vhlch they .r.ay poaassa jhich 
prevents pel breakdown.    This rill be discussed rcor's fully 
liter. 

Thesi.' variables nay be  indirectly evaluated by • r ■■ avir.-   u  sarvls 
of soan,   leavi-i™ one   portion uninhibited and inhibiting the remainder.     If 
viscosity measurer.ants show that upon the addition    I , ■. ■■ itrarily,  con 
times the «mount of  inhibitor necousnry for adequute oxidation stability, 
does not  cause appreciable scftenin    of the resultant p,ols,  thüi. the 
inhibitor .-.;.• '.      ;onsidered saf.n     Ihe factor of ten should be ample to take 
c&ro of rioriral vuriati^r.K in the composition of th " if measure- 
ments aro uade   it constant vmter content.    It. the  aas*.    :   Lnhi ■.: which 
liavQ to !      ■   pr   :i   Lta Lth oh    ;. a;.,      n :        ■■ so'.;* butch;.:!   ,iv 
required ana us a result,  cor.iparutivi   neusurom>nt3 aru .-...■:. .    •".   ixuutful. 
Variations    f as much as 100 .•:■.-        irdlner cannot  l? ascribed to  inhibitor 
breakdovn unless consistent   n-er many batcher.    Farticul'.r   ■'..   . 
sidered belo"/. 

U.C. P. :.v.   5,  roc . perci ntn  • ,  0.01.      •  p<vr c.jr.t pelr,  one 
uninhibit   ..    . .   th    other sor.tr;inint" 0.1  r-r   •■ ; •     .   .: .   '  ..   5 in 
soap iv i-".i-.,   showed Oar ■ riscoaitj '"•   ■ '.■.:■ 10 days 
cf  5?0 and 5 . stively. ' .O.i".   ">.   S 
•■tiVi; J.VO grur.e, which nay be aonsicl rod br .       .1- compound 
•:■■:-,    hcrefoiv, bo safely used as an inhibitor. 

Lorsne,  !T-dilauryl p-n    I Liimir.i .   :    ■  . percentage, 
0,02.    This is ■} honolop of V-.. .   .  '    .  5 having      ..'•■.   touble tho 
molecular weight    f ;.■:,: • .   ,     .;" not 
tested  further   Li'    his lal  >rm   ■."..    '•'      lalif  ...     '...)■•   !oar>s.ny, 
horevor,  prepared a plant batch containing  ih' •.     n :o'"j.:ended 
percentage and the 24 hour heat  tost ;      tea 555   -;.-i ■ .-   >r. the blanl: 
and  555 pr ms    r. the   inhibited sunploa.    Thlü material is, there- 
fort ulyo to b>? considered  safe. 

Alphatol, a   o-toluidine  uteuric Tuidj recoi.L".ji .   .  :   .■ ■  . .:». e,  0.5. 
A soap ;••.'!   jontniiiinc 2  per  cont rat or   ... i  no i     1   .! ;;;ed about 
40 pn ruii  ir after  standinf 11   lays,    .v    Ln.il r     ■ fr I 
soap containing 1  pei    ••■  I    sopreclpituted   »''•'■ 
:rai   • \t  lb   Lays.    A blank nuo\: f) .' . ■   •        .-itjr 

showed 600    r.  a ..      ■ J IU 5 per cent Ali   litol,  noi' 
ooprecipitated,  5^0    raina nt  10 da  a.     (^:i.   ; _ rcbably 
results  ii'  a corre! ■■ :     '.   ■   u;id  content of thfc 
a iup.) 

\ »» 

|  | :'■ 
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The lino of reason::.'   v/i.i-h led to the synthesis of Alphatol is 
that if polar compounds cause gel breakdov/n by prefex'entially 
co-ordinating i.'ith the aluminum atoms   .:.. thus breaking cnains, 
then this very effect :::i,~ht be put tu use to prevent  chair: break- 
ing.    If the polar,  InhiMting. group is incorporated in a soac 
nolecula,  then co-ordination of the polar ./roar  ■■(■ an aluminui 
atom other than tho one in its o'vn molecule will res"lt in a 
continuation of a chain ratl   r than in its termination because 
there is still a free aluminum atom TO continue   i<he chain.    The 
data t:iven above sho;v that  such is apparently i.ha cuse.     It  it" 
rather  surprising \,o observe this result with ..' >hatol itself 
because alternative choices are possiblj.    Ov/inr to the position 
of th'* nitropen atom i/ith resoost to the  alumirudi,  -i five membcred 
ft.'.;tli? rinr: can bo form3d by co-ordination of the  t'7o atoms,      .hen 
this happens,  polar properties nrv lost.    Thu3,  the blvminu;   con- 
pl :•-   -itn Alphatol is a thick liquid.,   infinitely niscible with isc- 
pentanc,  which indicates laak of pol-;r  properties or i.    h 
polymerization.     If this   structure -..■ re co pur si at on fixing 
aluminum Alphatol i.'ith   'apalm,  the net eff .  '■.•: the same 
:.J adding,   a.-.y lubricating  oil,  or iv. other   •>,,..,  n<   effect -,t   .11. 
Convorsly,  if o::c uore  [,.• a>  !   ■   miderable i-.lph  '       uciu tc a 

I .  gel,  it r.ij-ht bo ex :  thai    .:: equivul i I. it  of 
ulur.inun v:ould  bi   ; 1 ;:tructea from th(   soar with 

se  of   soao  ::ciiJ.     "hia   ■':.    ;."    IL>«      ••    I 
r.sss of the soap.    A] j  tijee processes   • 
data,  but apparently the first process,  r-asulti 

. i mltaneous 
•  roll in;   3ffective- 

■  above 
. ■. a :.;ore water 

resistant pel .structure preiomir.utes Sioi     '..    Al pi ■.■.,! is 
coprecipitatod .•it. ;■ .    Alphatol ear: '.      • r       .     .: 
inhibitor   . .   objection  *o its aso is J. sO i :.i 
i.. ■:■-:•.. 66   i;:   ucst   iue  to  t 

lequate inhibition. 
La11vö iy   La ■  ssaj     t< 

i*lj.'hai.il, a  (p-oxyanillno)   stonrio a;;.j;  :■■:■■::..,.:.: percentage 
0.10  - 0.15.     before a 1%'  heat  '..esi  apparatus   ■  ;   aoser.'oied,  the 
follov/ing tests v/ere made at roor. temperature on soaps containing 
v/'iter and Alphanil i:. varying amounts. 
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affect of Alphanil on Gel Viscosity 
8'/o of napala with Jo">recipitated Alphanil in 

Shell Preniun Gasoline 

Uti 

%    *:■ 

tins 

j. Added Alohanll 

0 

0.1 

0.5 

1.0 

5.0 

0.1 

0,5 

1.0 

5.0 

Approximate 
later /. 

0.9 

1 

1 

1 

1 

0.8 

0.8 

0.8 

o.e 

1 Week Gardiner 
Viscosity  

490, 507 

505, 530 

520, 530 

490, 510 

650, 650 

640, 624 

661, 670 

670, 65^ 

750, 772 

Thus it  is seen fi*on these cursory axperiiaenta that,  .'hen a slight 
variation in v/uter content  is »llmved. for, Alph.nr.il has no effect 
on p,el viscosity until bef.'ean 10 and }0 tines the ur.ount required 
for satisfactory inhibition has been added,  at -:hich point a 
stiffening effect appears.    These re:ult3 are not conclusive,  hovi- 
ever, as heat tosts at 150° are not  included. 

Later, heat tast apparatus v:us built, but in the Inderin, the acid 
supply available vas ae-'letei uns fresh rusterial had to be ob- 
tained frir. ihn  California Ink Cor.;'*any.    All of the soaps made 
fron this,  including the blanj.3 for   ?hich the data are tabulated 
belo'j,  rive very yoft p.els,    Thus,  conclusions about the effect 
of Alphunil arcs doubtful aud further te:sts \:ould have to be i.iade 
bofore its use can be recommended v;ith certainty. 

ft- 
i 

I 
i       f.* 

& 
Et " 

I* 

j^f i 

jtfRDfcfc 

R? 
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M :*7!AL 
Behavior of dome lianaln Gels under the 150* ilaat Teat 
(Gardiner instrument  calibration C.,'3-20LA • -21 craws) 

8% Gels in -.Shell Prenium Gasoline 

Gardiner 7ieccoity l^O"? iloat Test 
2 Hrs. 24 Urs. 

Per Cent Per Cent 
later Alphanil 

0.5 0 

0.8 0 

1.2 0 

0.8 0.1 

0.8 0.5 

0.8 1.0 

0.8 5.0 

370,329 

213,214 

189,196 

342 

404,450 

205 

206,256 

204,253 

207 

206,240 

The sui.'.e soa">, but eontainin;   0.1 ?er cent of ct-nu'phthol, gave 
329,344 at 2 hours and 279,26? at 24 hours. 

An oxid.QT.ion teat on tlw blank KUU'IIQ showed it  to be very 
stable t..v;ard oxidation. This loads one to  suspect that the 
nurhther.ic ucias in thif particular aoa-j contain far too rr.v.ch 
alkyl phenols. 

Pending receipt of a different  sarpla of nui'hthonic acids l-rorc 
Standard C'il of California,  a nakc-tihift run vms »::ade by testing 
an S per cent pel of i-luodex Ndpalir., Ko,  17965,  0.8 per cent v/ater, 
in gasoline and cor-parinc ■.■■itI. the sar.e soap </hicti h<.:.i one per 
cent of Alpiiuuil added to the pasclino in   ;'r.ich the ooap vms 
gelled,     iiinne the- Alphanil dissolves in .■ iscliüe e.itre. .ely slcv;- 
ly, it was dissolved hot in 3 cc.  of naphthenic acids and thor. 
added to the sasolij:.-.    I'o precipitation ocourreu,  and the gel 
was then made up ir. the usual nani.er.    The result« if the 24 hour 
heat teat are 424,434 on the blank and 46?,442 on the  sample can- 
tainir»<:; <»lphur:il.    These results thua indicate that the alphanil 
has no  deleterious eifeet  on the (';ol. 

Repeating the previ-.au tjsts on coprocipitatod Alphanil, but with 
a different  sar.nl-;; r.f naphthenic acids,  24 hour heat tects on 8 
per cent rreis shewed: 

E 

I 

I' if.: 

V. 
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Blank - 0.8,4 H20 4G.J i?x.;a 

0.5/. Alphanil - C.78'/i HgO  595 ,-ra;r,E 

l.o;« Alphanil - 0.8,L HgO   305 ;-r:i- s 

Jince nil blankH and samples containing 1 per cent Alphanil give 
essentially the sane vis-ioFity, these results sho--; that the material 
is satisfactory« This has also boon confirmed by stjhla plant 
hatches made by Forro Jnamel and the California Ink Jo^Dany. 

In conclusion, it may be said that practically any inhibitor may 
be added to a normal soap in up to 0.1 per cent .-.'oncentration without fear 
of pel breakdown. Should breakdown occur, it is not ths fault of the addec; 
inhibitor but rather that the soap in question, due to improper preparation, 
is itself on the point of breakdovm. The value of ndiir.,' this 0.1 per 
cent of inhibitor will, of course, decani on whether or not this amount 
is adequate to stabilize the soa.;. 

V. IuhUiti.n of I'xittatifMi of Napalm ^oapa. One of the neatest diffi- 
culties in connection tvith the use of Ilapaln is? that x..;-  material is 
exceedingly liable to oxidation (owing to the unauturated compounds pres- 
ent), both in the course of manufacture and in subsequent storage. As 
this oxidation proceeds, solvation of the material in rt-soline becomes 
more and noro difficult, the resulting eels beintr more viscous and, at tho 
same time, show a drop in extensibility. The probier: of preventing this 
oxidation by the addition of various inhibitors was, therefore, taken up. 
The Methods of experimentation and tho results obtaiiijd '.'ill now be des- 
cribed in seme detail a:j the problem is considered to be one of paramount 
importance if, as aeons likely, the .ratsrial is to be used on an extensive 
scale. 

The oxidation of Napalm during storage, which results in materials 
of slow or infinite settin,- tine and short gels, may be inhibited complete- 
ly for the anticipated maximum storage tine of six months at lioJi''. The 
inhibition is accomplished by the addition of L"0P ho. 5 inhibitor or its 
more satisfactory homolog, dilauryl para phenylene dia':ine, a-ortho 
teluidino stearic acid or Alphanil (a(rj-oxyar:iline) steurie acid). The 
choice between the four v:ill depend or. availability ana the method of 
incorporation desired. The diamin :s  arc- sprayed on the precipitated soap 
before dryir.r while the staaric acid derivatives are added to the eodiun 
soap solution and eoprecipi cited as an integral ."»art of the "apalm, 

.'ibcperia-.-r.t,il Method 

The method of testing aluir.inur: soan products for oxidation stabi- 
lity introduced here has beer; adr.Dtod  fron that used  in the testing of 
gasolines and  consists in subjecting the soap to th i acticn of oxygen in a 
bor.b under elevated presaur   ai     tenporature*    The UCP tee-t bombs used* 

Sgloff, ."orrell, LOOTV und üryer.     Ind.   .:;.,.  Chen.  24,   1575  (1952). 
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were modified tn  include a 200 psi. safety disc to protect the recorder. 

Fifteen gram soap samples arc* placed in 8 ounce polished oil 
sample bottles and inserted in the cold bombs, i.'itrogen is swept out of 
the system by admitting oxygen to 100 psi. and releasing the pressure. This 
is done twice and then the pressure is brought to the desired valce. The 
bombs are then heated to the required temperature which is maintained by the 
thermostated oil bath and allowed to run until u rapid absorption of oxyeen 
occurs a3 indicated on the chart or by bursting cf the popeff also. A 
correction of 45 minutes is subtracted from the total time to allow for the 
heating up period. This correction was determined fron the heating up 
time-tenperature curve and the appropriate equation shown elsevhore in the 
report. By varying the pressure and temperature of the tests, the dependency 
of the duration of the induction period on these variables was obtained for 
the most promising inhibitors and extrapolations made to storage conditions. 

/is disclosed elsewhere*, the samples used in the bomb tests are 
made in a special manner to prevent sintering in the bombs. In event of 
sintering, the rate of oxygen absorption is governed by its slow rate of 
solution in the soap rather than by the speed with which it actually reacts 
and no satisfactory induction period is obtained. Since excess free fatty 
acids are responsible for the sintering, the soaps were made up in the 
following manner: 

A ^:.e normal solution of basic aluminum sulfate is 
added slowly v;ith very rapid stirring to an equivalent 
(equal volume) amount of neutral one normal sodium soap 
solution. The very fine orecipitate oroduced at first 
remains dispersed in the excess soap solution until just 
before the endpoint v;hen the particles cougulata. :*.fter 
washing and drying, the soap 3till contains 3 to 10 per 
cant free acids extractable with acetone. The soars 
at the lower figure are usable iirectly in the bombs 
but those containing above 6 per cent frae aoid must be 
extracted with acetone before testing. T.',e acetone net 
only removes free acid tut also neutral oil uii-i alicyl 
phenols, both of the latter being introduced by way of 
the naDhthenic acids.  (Gee discussion.) The samples are 
then screened through 30 mesh, inhibited if the inhibitor 
is to be applied by spraying, rearled and tested. 

Reproductions of aone typical recorder charts are shown in Figure I. 

2x;)'irlmonts and jjjaoussicn. 

At the start of t:.ia investigation it was realized that the materi- 
al responsible for the oxidation instability of I.'upr-L. soaps was aluminum 
bleute rather thur. the saturated components but to prove the point, samples 

"Monthly Reoorts on Contract 11-394 - CE.:sr-«»l6, treble:.: C.,'5-10, 
ary }5 - Mare); 15, 1943 und March 15 - April 15, 1943 



FIGURE I 
Illustrative Charts from the Accelerated 

Oxidation Test Apparatus 

Time vs. Oxygen Pressure (Psi. Gauge) 

Curve A -    Straight Napalm 135 min. standard IP. 
»  B -    Sample A + 0.01$ U0P#5, 662 min. standard IP. 
"  C to F - Sample A at fO'C  and 25, 50, 75, and 100 psi. 02. 

Variation of IP and violence of reaction with wressure. 
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of pure aluminum oleate and of aluminum atcurute v;ero prepared and teetad 
tit 100 psi.  oxy/jen pressure and 100*0 which henceforth ia culled "standard 
test".    The induction period of the oleate was ?.0 minutes  ,ir.d that of the 
3toai'att; infinite, no change occurring in the •iropurtit-s of the luttor 
during a test period of 4o houra, 

i'o ;..;■.!.   a idc were on hand and rather than   ".is; for the receipt 
of these,  r--.»'.rj':i ■/■as continued ui.ii.,   an aluminum talloil soup,  brand name 
"3 igol", vrhich,  owing to its unsaturutc-d character,  possossjd •.,.-. deaired 
instability,     rhe standard induction period,  I.P.,  x' r t;.i.': material i/a;: 
20 minutes.    This soap v;ar. precipitated from solutions; containing an excess 
and a dearth of caustic over the theoretical to nxur.dr.-i a suspected variable. 
The t'.vo samples, however, did not  differ i;: induction j; .riou uut only in the 
violence of the reaction ;:t the eim of this  ; (.'ri.;d.    The saj..plu precipitated 
fror.; th<   acid nether liquor sintered slightly ir. the boribs o:iiuc to exc .: . 
fatty acid and \ ;-.ce shoved a 1^-ss ranid reaction.    Testt •.Iso sho;;3d no 
ieoendunce of the duration of thta induction period    :: particle   size au Ion;? 
as the lutter was 6 mesh or less. 

3j   t tests ;.'ere then run on several inhibitors eotiironly usea with 
unsaturuted materials.    The results are shown ir. xublo I,    later <:pot tect- 
on i'liuaL'': ure included for convenience in T-.i le  [a. 

1 

At leant o .■ of    ach of the cor.ason inhibitor  uyoe-s is 
represe.vted in tha tal.J   .    The ir.dicatior.i t   ..t inhi; iterü effective i; 

lino -.ire also effective in uluuinuic so'ipc alt]    ;• y are not ratsd 
in the sa.ie     .-.  :■  i\ -., •: two  oases.    On i ■■• hand,  rubber and lubri- 
cating cil inhibitors arc not ,io e-ff-.'Ouiv.'.    ,»t   Lhe    ine tre tents in Tablt 
I •■   -,    ■ i  5 was   li vii I'.sly  i cried,      ■   fur     .:■ :■ .fi: v/as CJ; 
finod to this ■ I  1. 

TA.MJ; I 

Spot  Toste uri  Tr.hi-.ltora 
Inhibition of ti■■!_ .■V.id'n.ion of ;Qmj.r iim TaU1 .1 

Standard Test - lOO'ü and 100 Fsi.  0?  CTaugeT " 

Inhibit. _r 

Kone 

Hydroquinone 

du 3 out No.  19 

Lecithin 

A.-".', int . .dded ti 
Soap Koaotants, li 

,. .':.:■(.■ i r.p.  Jyu Yi-jld    _{. 5 nutea) 

'•5 

150 

2o 

* Considerable loss t( nother liquor 
inhibitor in sama. 

■i/.,- to solubility of 
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K^LiZ I CO;JTI::I::X 

Spot i'o.°ts en  Inhibitors 
Inhibition of ti.o Cxidation of .;tLi:.:ir;-m Talicil ooa;i 

dtundard Test "  100».: and 100 Fsi. 0g (Gaupe) 

Inhibitor 

Aaou;:t Added to 
Soap Reactants, IP 

f, Baaed on ooa'3 Yield    (i.inut .: ) 

sre 

Rubber inhibitor co.r.nose.l of 
plwnyl a and j3 ntipfcthyl ar.'.ines 1 

a-Naphthol 1* 

2,4,6-Trimethylphenol 1 

2,4-Linethylphenol 1 

2,4,5-Trir.ethylph.snol 1 

2,4-Dinethyl-6-butylphenol J 

3,3',5,5'-Totramethyl-4,4»-di- 
hyciroxy diphenyl 1 

Santolet.t: A 1 

VOP Mo.  5 1* 

Aerohib l 

Floyd's basa ::o.   20 2 

Aerolube I U 1.4J 

345 

307 

?5 

•'; 

4 • 

7 

L7 

519 

■••! 

; 

: 1 

* Jonsidcrublü loss to iiotlior li.'i'r i_-.-ii;.- to solubility of inhibitor 
in aamo. 
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TABLE la 

Jpot Te:'tr, on Inhibitors 
Inhibition ol' :in pair, 

Standard Test 

' mi 

Inhibitor 

O.rjL N-phenyl K'-dihydroisoahoryl 
thiourea* 

••"one 

if. Alphatol (u-ortho tolai-lino 
3f?uric acid)* 

1,« ü(i>ara-ariino anilino)  at.   ■..■■■ • 
at; id* 

0.25/» a(para-oxyanilino)  stearic 
acid* 

.1,     -octadocyl para-anino phenol + 

0.02/!, N-dilauryl para-phcnylene 
dianiniä + 

Additional II' 
'.i.-iV Troat.. f;inutes) 

-one 205 

.ions 

Acetono  a::tr-. •■    . 

195 

50 

300 

410 

1225 

830 

780 (96.7*0) 

* Ccprecipitated 

+ Sprayed on soap granule1 

As stated before,   sa.nples high in fatty a.;ii:; must be extracted 
with acetone baforo testing to 1 r/iv.'jit  sintering.    A clue to '.'hat  either 
effect this has is sac.r.  ii. iV.blt s I and  la.    Talloil soap sho'/s the  rn:..p 

-...■■■A'::  periou, -..a does aluminum oleate,  but, ur.exti'actod IJU ialn !us 
about a ten-fold Induction period.    Kov-ever,  after } extvac  Lon:   with 5 
timer the sample •■ei(-}.t of acoir:.   ,     tie   jxidation ti.vw of Nautili:, approache 
t.'.o others.     If the extraction ;;ere uomplett ,   ill   uhroo  soa^s would show 

-.1   induction perioa. 

Obviously, liapaL-., as ordinarily prepared,  alraudj    jontains an 
i.'.i.iLitor which  is rurovable by acotr.no.    '.'iri-i   ::ij urov-.:>i by incorpo- 
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ratine the extract, ufter removal of fatty acids, into a talioil soup in the 
same proportion at which it was removed fron; Napalm, namely, 1.6 ver  cent. 
The induction period of this sample was tr.en found to be increased from 120 
to 660 ninutes at 80°C and 100 psi. oxyeen pressure. The lower temperature 
v;as used to prever.t undue sintering in the bombs. The comparative behavior 
of the acid free extract in gasoline indicates that it. is composed of about 
25 per cent of full range alkyl phenols, the rest iiein;- neutral oil, or, 
calculating back, there was 0.4 per cent of these alkyl phenols in the 
original IJapaln. Their odor and physical properties indicate that they were 
introduced via the nuphthenic acids. A rational suggestion vouli be to 
stabilize the soap by a further addition of these phenols but actually it is 
found that in order to do so the concentration of phenols must be so his-h 
tiiut they would lead to break down of the gel. ks  io the validity of runs 
mace on extracted samples, it is seen that the error in so doinf. is on the 
conservative siae and that actual samples which, of course, will not be ex- 
tracted will be more stable than the extracted samples reported as a result 
of the synergistic action of the two inhibitors. The above (iota are com- 
pared in Table II. 

TABLS ii 

Co.'..p!U'ison_o_f_ Oxidation Stat:ility 
of  Several nlx..iuur.  aoaps 'in i  ri_esv 

or.  Vv.'! ] aj'ul:.. i .\t,ural  li.iiu.iv.r 

Napalm extract 

Sample 

Oleate 
Steurate 
Talioil  (iio<*ol) 
Napalm 
Extracted ".'a pa In 
Talloil 
Talioil + 
Gasoline A 
Gasoline n * 0.02 g./100 oc. 
ajic. free Napalm extr-ict 

Gasoline A ■ 0.02 K./IOO OC. 
220-240" alkyl  phenols 

Unextractecl "upulm 
+  0.01?- UOP I'o,   5 
Sprayed on 

.1xtract(;i 
♦ 0.01/'. UOi    .■ .   ■< 
Spray   I 

Pressure j^si. I? 
renperature °C   C'2 U.'inutes) 

100 1G0 2; 
100 100 00 

11 0 IOC 2C 
IOC 100 205 
100 100 % 
80 100 120 
80 1G0 660 
LOO 100 85 

10C 100 103 

100 i : 230 

100 100 1470 

100 100 650 
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Accelerated tests at one temperature and pressure do not  •• ive a 
quantitative answer to thu question of the storage sterility of a material 
but,  by taking measurements at several temperatures and pressures, an 
equation nay he derived for each material and fror: it, an extrapolation nade 
to the desired conditions.    ,\z is tho cuso vut'. gasolines, the logarithm of 
the induction period '.vas found to be ;iro*iortional to the reciprocal of the 
absolute temperature ar.d to the logarithm of t:.? absolute nressure.    Tor 
extracted irapalm soap the  equations are: 

Log.  IP  (.T.in.)   - Ml0. - 13.001  (at 25 psi.  02 gauge) 
T 

and Log.  I?  (min.)  " 3.021 - 0.556 log.  P  (at :-3.6»0) 

Fror, these equations,  the following conversion factors sen bo deduced: 

One minute at 100*0 is equivalent to 0.00213 months at 
130°F and one minute under an oxygen pressure of 100 psi. 
rruage is equal to 7.6 minutes at one at- c£•;.:.■•■.;•.  oi   air. 
Thus,  6 months at lJO'F and one atmosphere  of tir is equal 
to 370 minutes of standard tesi,. 

..Tien the above Napalm is sprayed   »lth C.01 per   :or;t UC'P   'o.   5 in 
acetone or as a solution of its acetate in '-'ater and  thereafter dried,  the 
equations become: 

Loc.  IP  (nin.)  = 5630 - 1;>.419  (at  1G0 psi.    I      au ;e) 

and Lor-.   IP  (min. )   - 4.295  - 0.717   log. I    i it  96.7*0) 

and the factors are: 

One miaut--, -.t  10Ü" ;  is equivulont  oc 0.00246 i.iontl.s at 130'F 
and one minute at 100. psi.   oxygen  (r-.au c)  corresponds to 12.66 
minutes at nno  atmosphere of air or 6 :;'.onv: s at 130°F it: equal 
to 192 standard minutes.     Jince ar. uncertainty or 25 per cent nay 
occur iii t;      ... v- extrapolations,   .he necessary tir.es at  etaii- 
dard test have been 1) ireased 50 por cent for a factor of safety. 
The test data for the above equations are flvon en rare t-» of the 
report for ."arch 15 - April '.5,  1943*. 

From storage testa it vas found that Kuoalra spray 3d   rith up to one 
per cent U0P No.   5   ;id not break aoivn but it n-st bo r ...■?.:..or:-d that the 
action of water, of the navu-ul inhibitors f U0? !To.  5 are ill additive. 
Hence,  samples vihich are just on the poini of "nter  . :■ ■ or -.'.i .■;. are 
hig!   In alkyl phenols --ill not tolerate much "\ .   ' '.   ".    '.   srofore, the use 
of more than 0.1 per cent U0P No.   5  is not to b<   rec I -.,  especially as 
0.02 per cent v;ill stabilize the aver g.e  soaj   with   L l:.r.j    : ictor of safety 
i-jhen applied after procinitation. 

* nonthly Report on Contract  11-391* - O^.lsr-916,   . r .• .'••       ...-10. 
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At this point it nay bo mentioned that one BO far uncontrolled 

factor contributing to variability in Napalm, both with rei;ard to oxidation 
stability and to pol breakdown, is the alkyl ih^nol content of ehe naphthenic 
acids U3ia, both the amount and the type boin^ important. Coi.trol if this 
variable nay be effected by  specifying that when, say a 50-50 mixture oi a 
sample of the batch of naphthenie acids in question • ■ i1.1. fresh oloie acid is 
Bubnitted to an accelerated induction period, a definite induction period 
shall result* Until this is done, any certainty of the cxidation stability 
of töipaln, with or without inhibitors, cannot be expected, at tue sane ti:..e, 
adjustment of the results of the tests by the use of adoitives should be 
prohibited, since this would void the estimation of the natural inhibitors 
present. Rather, the desired const incy of stability ehoulu bo attained by 
using a sin.le raw material source anu. a constant method of isolation. 

Since tho use of UOP *'o. 5 ''fill permit extended drying periods 
or elevated orying temperatures v;ithout cxidition aiffioulties, any tendency 
for UOP Mo. 5 to cause gel breakdown r.ay bo counterbalanced by drying the 
scan more thoroughly. This fact pas been observed by California Ink Company 
who have been inhibiting their plant batches "ith 1 >er eopt ^-naphthol. 
Before the inhibitor '/as used, thjir eels did not soften on storage when the 
soap contained 1 per cent water. After inhibition was started, the :;oaps 
had to be dried to 0.3 par cent water to prevent breakdown. 

UOP Iv'o. 5 can ^.Iso be added to the 3oao Dilution before precipi- 
tation but then almost 0.1 per cent must b the inhibitor is 
then evenly distributed throughout the 3 ap granules . :.  therefore hue a 
lower surfaci ■ 1 sent rat ion whore its action i •■ ■ H  compromise be- 
tween this riethod ar.; spraying is to add ths inhibitor alter precipitation 
but before filtering. Then it will partition itself I      the soap and 
the mother liquor, the completeness of adsorption by the     - pules 
depending on thn p'* of the mother liquor since LiOl '■■■  . 5 is slightly soluble 
in water and very solublo in acidic solutions. To overc >,  this latt -;r 
difficulty, "Lorene", K-dilauryl nhenylene diamine, is. orcposec In a 
concentration of 0.02 per cert, this natorial is slir.htly superior to 
UCi N . 3 OP a niolal t.ajis, the 3tai.da.rd induction •.<■:■:    :..  7S0 i.iinutes 
and, moreover, it has tho advantage of bein(; insoluble in water or dilute 
acids and of being strongly adsorbed by the noao r.ulp. It can either be 
added to the precipitation vats after that operation is complete, v.'ithout 
loss to the mother liquor or apr ..yed on afvr filtration. 

All of the inhibitors discussed above ire polur compounds and, as 
such, have tie disadvantage that a quantity sufficient to cause gel break- 
down !u»y be aided to the soap, although thoro is.  no reason for doinp 00 with 
the more powerful examples.   vi ■ ■:ev.-,   it ia felt that it would be 
desirable to have an inhibitor which '"as free fron this action. 

See Section VII. 
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riß ii working hypothesis, it is assumed that the polar proups i:iter- 
fere with the normal chain buildinr mechanisr.; or co-oruination of the 
aluminum atom of one molecule with u carboxyl oxygon of the next. ^\:.^<-: 
aluminum co-ordinates «ore powerfully with u.-.ino or aydroxy groups than it 
does with carboxyl oxygen, preferential saturation of tnc aluminur. atoms 
with the ferner species will break the chain- and re suit in pel breakdown 
arising fron the increased solubility of the lower molecuJar weight units, 
"his tendency should i'u overcome by including the inhibitor as a substituent 
in a soap molecule. Then any increased tendency to 3o-ordinate y.'ing to 
the polar fTOUPS will continue the chains install of bra iking ther.. This 
addition will then result in a siiffer gel, If, however, the polar /iroups 
are so situated («.«., aloha to the carboxyl) that they preferentially co- 
ordinate with the aluminum ator. in their ov.'n molecule then -An  additive 
'vill be ir..!rt, and produce no change in the final viscosity of the eel. The 
i::Jic.'itior:B are that the above is actually the case, 

a-Ortho toluidino stearic acid, Alphatol, prepared by heating 
a-bromo stearic acid ;Lth an excess of ortho toluidian, for.,is a tasi:; 
aluminum salt which is a thick liquid at ordinary temperatures and is 
infinitely soluble in non-polar solvents. Thus, owing to internal co- 
ordination (chelation) there is no tendency for the material co associate. 

In preparinc a soap inhibited with Alphatcl, ... r sei  if the 
substance baaed on final soap yield :»ia added tc a neutral sodium soup 
solution which was tl n ren lutralized. The whole as prirci;.'itai;ud with 
basic aluminur sulftte and the precipitate acetone extracted as usual. This 
soap had a standard induction period of 300 Minutes \ ich is ample provided 
no marked change in the pressure coefficient har: occurred,  j.r.iu, however, 
remains to be investigated. 

Orth.^ tnluidine itsslf is not a very effective inhibitor RUi, is 
rendered somewhat more so by its substitution into stuaric acid,  ..'or), h ;: 
also been don« on the analogous substitution of so:... of thti Letter inhibitors. 
One outstanding compound is a-(p;-ra-oxya.-iilino) stearic aci i (Alphunil) made 
from para aminophenol. Tre induction ;.eriod of '.'-.  aim    0.25 pvr cent 
of this material coorecipitated is 1225 minutes. however, it contains two 
polar groups one of which may chelate with tJie aluninum \to:.i i:; its own 
molecule und the other ^ith an adjacent alur.inu a1 ■.. ->in<>e its own 
slininum atom is ;>o longer avail<iblo for chain builuii, , th. n t result ;:ay 
be tile seme us if a flair» [henol were use , 

To detenu   u cor.centr'atioii of a(n-oxyanilino) stoaric acid, 
required to adequately st».biliz' tN; average i'acalm, t'.: following fipur3S 

ibtained ■.•.. the ... .U aquations sot up: 
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Sacple 
Temperature 

cc 
Oxygon l;j?ocr.uri 

psi,  gnufc'.e 

Acetone extracted 
'lapaln plus 
0.1. Alohanil 

Acetone exxractod 
"apalx; plus 
0.15/« Alnhanil 

'. nextracted .'  •:t!:; pl'.).3 
0.15/'- Alphunil 

100 
100 
100 
100 

89.8 

100 

100 

100 

50 

ICO 

100 

II   (i;iri.) 

195 
222 
255 
310 
5?5 

395 

'.'.' .    equatli ns art". 

Log.  I? lv.ir..) = 5T04 - 12.999 (at • '1. o2 

and Lo,;.  IP  (r:in.)  » 3.1900 - 0.4369 1< i.. ?  (ax  3 

Thus,  euch r.inuto ut stundurJ X3sx  ii: enuiv .l.-..i.   cc 0..152 moial.s 
at lJO'V and th ■  partial pressure 1 ,t oxy ;en i. . •  (2.?4    . ..;. 
.'he  cequir   l   ..     itiou peri id  ia x     ■ 395 r.inuxes ±\  51—lard xesx. 
Ix  is seen V.ii-.x, 0.15,' Alpnrir.il -.'ill VJ xhir. in  .:.•- ■ .   .      sase of 
the exxraexeu Bariple.    Unaxtr&cxod sauples   •ill, ol" course,  re.   iro less 
... lnhibixor    a x'aay ulr   ■ .7 contain v.:- :.      .:. inxs ..v inhibitor 

(alkyl ■ V.'.tiol:;).    It in sfioa fror.: the table that   .:■. unoxtvacx JO. a; 
approximately a tv/o-fold ii ire,se  i:.  I: Lucxion period ever the ex- 

tracted S'ir..ple containing the  . . unx of ui.-.e., inhibitor.    *■> ;'lant 
batch -.ade by the California Ink Cor.pucy 001 cainii     0.1 per '«enx Al: 
ran for mere than 2«. hours \rixhout ohwi^e. 

.-.€ far as is icnov.11 this xype of calculation has navcr been carried 
n ■:; naphthol.    After the first  spot test,  1.0 further '-jerk 'ias 

here because this material is riuite soluble in the soa^ rather liquor a:.d, 
at the sar.e xir.c,  inferior xo *0OiJ V.t .  5 in inhibit;:»- action,    üovjever,  if 
ix is xo be used,  ix is au chested, in the i'it.;rests of  sconony, that the 
usual quantitative data he obtained  as   soon ".:: oossible. 

.3orr.e clue to the rwchanisr. of the process v;her ' bsomxion 
i'    xyj'-ir. by a soup results in a loss of vho f.ollin,   ac  ion of the latter 

can be deduced fror, the following data   !-.".a frori a similar -. se rocently 
rei   rted by Cov;an &   .lieeler  (J.A.O.Ü.  66_ J?.-1 1944). 
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Two sannles of soup v:ere mude up, a blank und or.-: containing 0.1 
per cent Alphanil, both beinr; non-extracted. IOO-JB,  together "ith a 
sample of lerro enamel, Batch No.   532,  containing a  naphthol, vrere sut- 
jecied to accelerated oxidation at 100°J and IOC ■D:.ü.  oxyiter. ir. the UOP type 
bombs for 65 hoars.    Naturally,  no induction periods were obtained duo -GO the 
normal fatty acid content and resultant  sintering.    At the end of this tine, 
the tv.'o inhibited soaos had absorbed about one psi.  of oxyren ea :h and the 
blank,   10 psi.    Assuming peroxide addition of a "yjl uf oxygen per 'ioubl» 
bond in the  soais,  these fi-ures vrould represent 10,  30 ;;:i i IOC per cent 
poroxidation of the double bonds present.    Actually,  the drop in  iriin^: 
values vrere 4-,4/ä for Alphanil,   5>.7'> for a naphthol anti  a.9 per cent for the 
blank.    Moreover, the two  inhibited sar.plos vrould Ltill pel  ir. f^ieoline 
whereas the blank -rould not. 

Fror, the above,   it is obvious that the peroxides initially forr.ed 
break down during the te-Jt   md higher oxidation of the rtiulxi».^ fragments 
occurs.    This fact is substantiated by the presence of rildshydes and mala- 
dorous fatty acids in roans which -ire only .:!i;.ht:.y rxiiized.     i'hat the 
peroxides are transient   is evident from the fact that if a  ..v.- ] i peroxide 
like benzoyl peroxide is added to a ilapalffl gel,   i,;.e iattsr .scor beaor.es 
granular and syn-;rizes - the  typi?al effect of oxid 

Sij '-j the introduetioi .. re .     . . .• roducts) 
into a soap by this oxidation should result in a   rel 1 r • . . .c   •.. effect instead 
of the production of a non-sotti:;;- soap  it  is  suspected That  hi 
polymerization due to eross-lirikin./,  rather than oxidation itself,   is 
responsible for loss of r.-ellina; ability. 

an *   /heiler four.; that  they cculd  pre i-'ce oti-.iS.t  chair, poly- 
mers from unsaturated   Liubasic aoiüt and plyools only i:    ."••    1bs3r.ee of 
oxyreiu     (The typical  indications of  ahain pol; re .-'lllnj   ability with 
high polymers and solvent  solubility with the lower ones.)    If oxygon   ras 
admitted to the system the chains became ;:ros:i-li>..  id by        . c of coval;-r.t 

■.-   rivin.7 a space network,  u  defining characteristic of ■  ich   1 neovork 
i    • treneral  insolubility in  .;-. lv-'.c.-.     .':. addition,   Thai;:  strua 

generally |   ..   . .   •. ■ ■ ltir.:: point i-hereas the space n<>t"ork£ do :j t  melt. 

The case under consideration i:. not exact!!;/ ;!.:alo,:o' /. because, 
although composed of chains ir. the main, there are also .-eül: ca-ordir.atu 
sross-linkages  (presumably hydrogen bonds) ■vMoli    ive  •, c  :•.•.:.-. a psuedc 

netvi .'..   jkaracteristic,  as is evidenced by the hi. h .  'hir.- points of 
pure soups,     "■■•/' rtheleas, vhan thuse bonds r ■   1  by  covalent 

>s a true  spuce network reü'altfl   ;. .  the   iroduct beciw.es insoluble. 

If the torn polymerization may '■ .a  cu*.<l for  t..i.    II-OCOBS on an al- 
ready polymerized material,  then it may be r.ui.t  that polymerization catalysed 
by  peroxides iö t:.'    euuse    f  lo: .". of  sot. 



It   is also seen that measuring the oxygen absorbed does not 
measure directly the value of a t;oap UL- a gellir.c ar;eut,  although,  of course, 
u soap which resists oxidation ivill al;.o resist polymerization.    Jwinr to 
the transient nature nf the  peroxides formed under accelerated conditions, 
measuring the amounts of those also does not necessarily five a truo inai- 
cation of the  state of a   aoap.     Probably the  most  direct reöasuroiiiei.t  uoul 1 
be of the unsaturation of the material.    In this ro-ard,  it nay b?.- stated 
that iodine values determined by means of   jij's reagent are valid only  ~n 
unoxidized material since uluehydes interfere under present crndi-ions jf 
test to five hi. t. values for double bond ccrioer.t.     Thus,  ;.   sai.iple rf 
Dropionaldehyde reacted to give an a mono halogenated aldehyde t^ •■.. 
tort of 30 per cent under the cendit-ions of te.>t,  at T,;.,;  IMIUI ti..:-3 releasinr 
.    . ■   ;en hi lide. 

VI.     Effect  MI' Ircr. Jor.tent  or, i;i ? C::l datier. Stability  ■;:' \'al. .     i'o  date 
it. has beer: found that ftapalr. samples made t're:-. diffsrent lots of r.aphthenie 
acids possess variable susceptitility to tho catalytic action of iron soap.1;. 
Consequently no general  statements can be made cniicorninp   . ::.:u- 
tolerable a r ■ f iron, since tais quantity varies -it:, the history of tho; 
soap.    For example, one  sample regained   .:: I  for }'"0 minates standard 
test  i:: the  preser.c    of C.05 P^r cont  iror. a: .     Lthcut inhibitor.     The 
addition of C.01  per  cent UOi   .'u.   5 raised this t • to 0.1  per cent. 
Another sar—L    '■•■..     :    i   1 :./- bef-re this tin* thou ■':. iti.-  iro:.   :- i.t- ■ t --.IJ 
only 0.C04 per  ".:.r.      i'ith addition of 0.01  i . .>.   5,  T . ■ 
sari I-  barely  ■ ■ SSOJ  ut }\~] nir.utes. 

;»n   icctor.e  soluble  i :•  n    ei  •   .:■. .   r   L.   apparo:.t.1y present  in 
iapalüi,       •  ■• 'tion of oap ■ ith [:::;i  solvent  n   tices  the stability 
in the ; r .      ■       f 0.0^5 pur cent  iron t.   :■:.■ stically L.•-••',   if uninhibiti I, 
and to 1JC ...i.-.ites with 0,01  nor  cent '.(.■!    ...   5 ad     ■. leastivai   r 
or nay r.: •.   :     ; lentieal  -.-it', the   natu] .1   ilK.vl  ;;   •    i   . 

siderabla iror. may b     incorporated in the  so a1; via t,.e ol«ic 
■.-  .  naphti. nie acids   since  b  ti. of  she&a are  !'...:.:   LC   d'.   o:;ii-   iron so...j>s 

.I.--   .:.'     s< iiu".  soap solutions.    .-.* .. ited ir i. ...a;,- be  filt   ;'•  ; 
....     i    ■ Lotely a '•   r the soaiur. solution!    .  v i for 24 hours, 

;cul^ a; pear to be no necessity t.   !:.•!■.:•    ,:..:    !      .   .•   the  pp.. lust. 

La evident  what tne adverse effect of iron c-... be c 
ff.r by the addition of inhibitors but,  i'   t;.e i:.tjr*.-:.'..• i f  neoa   .  ,  the iron 
content  ..heal.   :•   ::.   t   -;t the   lr-.'e:;t   posaibi«  figure, 

VII.     .jpecifinatici'is for _l.aphi .'.■■]■. le .»ci :a.     -.t   the   start  oi   < .is   uroble::.,  a 
fev/ exploratory experiments wore r.a on a  s'innlo  of   ill Lo a  id     :. .   '• 

phthonic acids    btained fro! ■. ■   . ■   ..    ■ ntaiiieu \l.-- sar.e  per 
c-.i.t of iron,  namely, 0,017 ■.     L'hii   iron  xxt   ■■      v   I   S'r .   •■   Portion 

• :h by converting the a ■   ■• ..    soar a ai.i  filterir   .     '    .' iri 
the acidi; v/itl:  iron  free   hyir   :hl     . ■.      .: • r. r-: ;u :ed  to 
about  7 x 10-5  nor cor.t. 
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standard induction v^riods on the oleic acid wore JO minutes for 
the contaminated sample and 60 minutes for the iron free sample. The stddi- 
tion of the iron free sar:pl-.? of naDhthenic acids to the iron Ires cleic acid 
in concentrations of 4,Ö,l6 und 24 per cent increased the induction psriod 
of the oleic acia to 2.5, 3.9, 5-i  and 7.5 hour«. It ia expected that the 
effect of iron on these values -'ill be much greater than in the case c.f the 
uninhibited oleic acid. It is not considered that the naohthenic acids 
themselves have any effect, other than as a diluent,, on the induction period. 
They are regarded on a carrier for the alkyl phenols .■.'-■ paroxiddnta 
simultaneously introluced. 

.->a it vrus found that ehe induction oeriod was independent of the 
total amount of sample, 10 to 100 grans giving the sa..;e induction period, a 
standard mixture of 4 grama of naphthenic aeiün in 21 ;Tu::; of cloic acid 
was adapted for the sake of obtaining reasonable induction periods. Three 
sar.i.iles of acids from Oror.ite Chemical Compuny ana the curront Uaphthone ";.'" 
fror; California Ink were compared und the results are shen below. 

Iodino Value c i' J. ileutral Oil in 
oarv.:>Ie naphthenic Aciis Naphthenic « :ids I.?. Hrs. 

Iron Free Oleic 
i 
i 

...•ii II) - 
i 

- 0.5 

(I) ♦ 16/. Naphthone "IT" - 3.2 

(I) * 16/1 Crude Oronito ! 
Acids 14 7.3 6.5 

(I) ♦ 16/1 .Semi-refined 
1 
l 

Cronite «cids 12 
l 

4 9.5 

(I) + 16/1 Refined Oronite | 
A:; ids 6 3.& .24 

The iron, phenol and nitrogen base contents of the acius are unknown. The 
crude sa.nple ia the entire caustic extract of uhe baae     , thu 
refined is Che re-extracted c-juoi-io extract (removes a     itral oils, weak 
acids and bases) and the refined material is the acid tr itea semi-refined 
extract (renoveu eoi*:o uiisuturation, some metals, some aromatic derivatives 
ana most of the colored impurities). The v..'o refini: c operations should 
remov: a part of the alkyl phenols present und thus decrease the iii'iuctien 
"Juried. However, at ti...- aar.c tire nitrogen oases and unstable unsacurates 
ure also partiully removed .-.'hieb results in a i.iorc stable rcduct. 

For this teat to be of any valuo, the ri-lutive stability of t 
ucid mixtures should apreo with t:.ti relative stabilities of h'upalr.s made 
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fror, tho several samples. To test this;, the K'ipalms were :;a .e up fron 15»3 
grans of the acid in question, 24.4 g. coconut acids ami 21.4 ft.  oleic acid 
according t. established procedure. Because of sintering, those soaps did 
not show un Induction period ami they «fere ii cpeeted for iodine value after 
standard test conditions for 65 hours. 

Iodine; Value aft^r 
Original Iodine Value  65 hr standard Vest  A Iodine ■.'■ 

Sample        I     II     III*        II    III*  I    II  III* 

'..'upaln nude 
with Naphthone 

36.3   36-4   36.2  10.1   8.4 0 26.2 23.0 36 

Napalm made 
with crude Oro- 
nlto acids    37-9  (39.5)  37.4  32.3  23.5  36.9 . 0.5 

Napalm rcade 
with ri'..!.i- 
refir.fid Orc- 
nit'j acids   38.3   3Ü.9   38.9  36,0  26.6  34.6 2.8 12.3  4.3 

li'upaLr. rudr 
with refined 
Oror.ite acids 3£.2   36.2   36.1   8.4   >.l 29.8    27.1    36 

* Iron in acids not removed by filtration of riodi-.ii,'.  SOL 
u:.d  II •Aihich arq duplicate ba-.. - 

•-■■j -/us   ioni;  in I 

These data are erratic, but do differentiate! bef.:.^jn the  crude am. 
the semi-refined acids on thu    n>   hunti and the refined   t.r:a tho Naphthone "K" 
on 'the other,    ;» comparison of chose tv:o tables '.-i.il ..       1 lat the free acids 
and thoir respective ulumlnur: suits are rated in a different order r£ stabili- 
ty, which is not entirely surprising If one ta.:es into uccount the changes i.-. 
the rudox potentials of inhibitors with any change  in state of the electrons 
situated on the prlar oxypen or nitrogen atotr.s cf the inhibitors.    The change 
in offiictiveurtss of inhibitors or. substitution of the nitrogen atoms was dis- 
cussed under the Becticr. on Alolmtol nr:J Alphar.il.    * si;..ilar effect i'ill be 
noted ir.   tho present case on conversion of this free uciiti to ulur.inu:.; soaps. 
Cn so   ioiiH , the phenols present will oo-ordinate with the aluminum atons by 
purtial trun.'ifur of a pair of electrons.    This will tend tc tiJo.<' a more 
positive charro cntc  the oxypen ana facilitate removal of the CH hydrogen, 
thus lowering the oxidutIon-relucticn potential,    ölnce ii.l.ibition probably 
depends on a proper and fine balance between the resp^ctivj potentials of the 
inhibitor and of tho inhibited iiatorinl,  a change of potential of ar. inhibi- 
tor already in  fine balance •.■■ill  parti:.lly destroy  its effectiveness. 
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At the sane time, a relatively ineffective inhibitor present in large amounts 
compared to tho effective inhibitor, may become effective -'hen  ihe potential 
change occurs. Thus, it nav be explained wh> tho free acids ar.j the alumi- 
num soaps made from these acids behave differently when subjected to 
oxidution. 

The results indicate that a specification tost run on the free 
acids dees net give any information as to the stability of aluminum soaps 
..iade therefrom and, therefore, 3omu ether method rhoula be adopted. 

VIII.  Detor,'.i.,,ation .'!' Water in Napalm.  The standard aeth"d usea in this 
laboratory for determining; •vater is tnut of Fischer, described in J...I.'.).->. 
61, 2407 (1939) with the exception that eC - 20 glycol-oyridine is substi- 
tuted fcr the methanol as solvent. Glyjol pyriuine mixture (10 cc.) was 
ad led to a 50 cc. volurietric flask and brought to an end point with the 
reagent, iioxt, 1.612 praxis of Kuodex Napalm were add--d nnd, after 5 n.inut^3 
si.akiijg, the litre was foun i to be 2.9 cc. After 45 ir.inutes a further 1.5 
eo. v/as adued but tho end point continued to fade rapidly. On repeating 
the process with 10 ec. of glacial act-tic a.iii added in uddition to ohe 
glycol-pyridine, 2,.114 grans of sample titrod 6.40 cc. after 5 minutes, plus 
3.95 2e. at 45 minutes, plus 0.55 cc. at 50 minutes -ivi:.!;; a total of 3.19 
per cer.t water. Heating on a waterbath for on hour before titrating gave 
a figure of 2.95 p'-'r cent for the -.vater content ',ut none of th" above end 
poirts are stable for 30 minutes,  '.."hen 10 c::. excess reagont was aüed and 
the mixture back titrated with standard water in nethunol the result v;as 3.4L 
per cent« Finally, if the snnple -ras .-eiled first in 20 cc. of toluene an i 
then broken down to a lii.pid fluid with 5 cc. of pyridint-, glycol-pyridlne 
added and finally titrated, the water content ubt:;ine<: was 3.56 per cent. 
This determination con be run in oi.C' hour, or ce the reagents are made up. 
.i blank i." run in an identical Runner, adding ::ll  muteri Is except the 
sam^l'.'. The end ooint obtained i;; this way is sharp ui;. 3e.raai.ent provided 
that the soap has been veil dispersed. 

An azootropic distillation of the r. u,.e senplo -i 
carried out as follows. A 500 on, flaslr containing 200 cc 
a .Joxhiet thir.ble v/ero connected to a 3 foot colurx packed 
distillation at 10 to 1 reflux v-as carried on until the -ii 
teaperature reached Bo. 5"^. Th> flasV. -wc tlien juichly di 
2.7t2 grams of oar-.ple dropped into the thimble, iiistillat 
until tho ter'.perature rose again to 'Jo. 5° and held there f 
distillate -KC collected in u 250 cc. volumetric flasl: ■ 
glycol-pyridine previously brought to tho dry point ■■■it:', i 
The contents were then titrate.i ■■•ivi::/ 1.63 per cent ..-ater 
nf tho thimble prevents burning of the soa") oil the botto: 
leetric heat is employe'!. 

•i;h benzene vreis 
. dry benzi.-ne and 

it!. RliiOa beads, 
stillation 
 jtcd and 
ion "/as resumed 
or 1.5 minutes. Tho 
tainir..- 10 cc. of 
1 scher :u reagent. 
in the soap. Use 

■f --he flask when 
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'.'.he following table shows the data obtained cr. a different sample 
preoarod hero. 

I.ethod 
Per oei t 

'■later found Rsmarts 

1.  Vacuur. drying at 
1003C and 2mai.  pressure 

1.0 Probably consists of most of ad- 
sorbed water and Separation of 

 doublud Mol.-ouli.-8 of hyarai.1'.;.. 

2.  i)ean -ind ötarl: ivith 
toluena or benzene 

2.8 Abovj yjtcr plus that frail a 
. :• i' tree of hydration und 

sor. e water <>f reaction due to 
duration of process. 

3. Azeotrcpic distillation      2.5 
with dioxane 

SnpJ-jyod to tvoiJ. the inevitable 
water liolu-uj Jr. apparatus and 
oonse'iuo; . 1 .. x oning of time cf 
analysis, distillation over in 
30 mi::ut i '.  . . ;i o;' 4 hours. 
Fi: •'■■or •.>;' acetyl chloride 
methods ■.;:-.-I to ieterr..ine v/ater 
in listillate. 

4. Fis.'her rao.: 
described in JA;.; 61, 
2407, (1939) 

5. Fisehsr mouified by 3.7 
gelling sample first in 
toluene and then breaking 
down to a liquid by addi- 
tion of pyri .!.*.■-•          

2.1 - 3«0    2nd points Cad     procedure i£ 
ti.-..-; consunir.f; due to lack of 
dispersion of äu;r.pla in solvent 
ond resultant slow reaction. 

.'■....! poiiit i finite and faii-ly 
ra\id.  '.-.t. i value orobably in- 
cludes sor.'= ivator of reaction due 
to extr"):.:.. dehydrating conditi ns. 

6. bischer method on residue    1.2 
of dioxane distillation 

Total of 5.  anci (':. equals 5« 

7. Acetyl chloride- 
pyridiiio nethod. 

-      21,  841  (1935) 
. iodi.l i   : 

1.1  - 1.2            Acetyl   :hloride troutnent at 25 °C, 
 5 to 40 minutja duration.  

1.9 - 2.1 Acetyl clloriia treatLieut at (,0'C, 
 5 to 40 t..invüeu duration.  

4.0 - 4.2 ,»cetyl chJ   ridi   treatment at 80"U, 
5 minutes  duration, 
fancies \+.-rei brown - obvious 
decomposition of ..      . 
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Tho dioxane distillation referred to in the forogoinc table was 
carried out in the   same apparatus :.s tho benzene distillation but without 
the thimble und 25 grams of sample ivors dsed in order to   •at, an appreciable 
amount of distillate.    The aeetyl chloride method io obviously arbitrary 
and uiisati sfactory. 

Fron the foregoing it would appear that the choict- of the method to 
be used for wator estimation would seen to ho a matter cf personal preference, 
as coi.'.purutivo figures for '.vater estimation nay be obt'.inod on 3<_-verul soups 
by any rf the above.    The bischer procedure probably gives the absolute 
water content,  including water produced by uonplotion of tie neutralization 
reacticn.    On the other hand,  the figure obtained esither  cy a^eotropic 
distillation or vacuum 'trying probably more nearly n presents tho water 
responsible for co-ordinate bend formation.    In this connection,  it may bo 
pointed out that  it  is possible to have two  soaps of equal .-.iter coi.tent   (as 
.neasdivd by the FiscVu-r or ever, the Lean and btark Method!,  one of x'hich will 
breal: down and the other remain actisfactory.    In other words, the tolerance 
for ■•ater cf different  soap batches -.'ill vary,  depondiw or. the state of the 
water present, the; anoui.t of free acid content,   etc. 

EC.     Gel AJ.Utlvea to  lili'.ii.ate  e'r.burned :v-;siduo,   Iva?•■>:;-.■■  .. .1 :jlty,  etc.    The 
full heat of Napalm »;ols is not  realized since the3C   '.'• ;3s do n..t burn to 
an ash ";hen ejected fror, a flune thrower.     The reason i'cr this is oivious as 
t!.-.- gels can be burnt eor.'.pletely to an ash if heatod strongly -r.ou.-.h in a 
plentiful supply of oxygen.    These conditions nan be .if ai   oxygen 
supplying material is contained in the burninr muss.    Tho addition of a 
nitrate,  a chlorate cr a perehlorcte  L:. finely   iivi :..■.: fom immediately after 
the X-104-B has absorbed all the solvent accomplishes this   jurpese and, more- 
over,  ut the  same tine,  increases the density of thi   fuel.    I.itrates furnish 
the most oxygon per unit  weight of additive,  tut do not  ncoosarily supply 
the greatest number of calories per gram and th; actual combustion i3 i:iore 
vigorous with perchloratas.    nt the saue time also,  the flamo intensity may 
be further increased by udiiiiif: a nou-orgunic eor.ibu3tit>]i   r at irial to the gel. 
The following calculations of hoacs   if combustion of non-organic substances 
show that boron has the largest heat :>f combustion,   carbon :iuxt und aluminum 
third. 
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Kelative Heats of Combustion of Fuel Additiv as TIAI 

Oxidizing Calories evolved per 
Combust ibln Agent Products v.-'. of combustible 

E KClOj BpOj.KOl 13,600 

' IlaNOj :ia2co3,::2,co2 7.S00 

A3 KClOj A120* ti"kCl 7,590 

Al riaClOj Al203,liaCl 7,53V 

.... KC104 Al20z,KCl 7,18c 

Al '.JU0104 AlgCj.IItiCl 7,17V 

«1 + ■J HBNOJ Ai20j,i;u2cc3,n2 6,610 

'.-•• HaC1G4 MgO ,;:a01 5,9öo 

Fe KC10, Fej04,XCl 1,730 

I ■ Fe304,XCl 1,560 

Unfortunately,  t':.p.ae fi ares give i.r   indication of flame tempera- 
tures, which are actually more  important v.'ith regard to complete combustion 
than are the heats of  combustion themselves.    In rcci'it ci' I'L'!.,,  it was found 
that the ra et viporoua combustion vras obtained -.;i',..   .  gol   jontuining a mix- 
ture of aluminum lust cn'i potassium perchlorate prour.G to 200 mesh.    '. ixturcs 
containing amorphous boron, on the ether hand,  actually >.•■_■: c i r.o tetter than 
one containing the oxi'.izinr a/'or.t alone,   eonaiderable unburned boron being 
found in the resiaue. 

The aluminur-perchlorate mixture >'ar  .ii.3-  foun 1   to be t!ie most 
stable i;y.i':vda friction ai< i shock,  an important consideration,    The nest 
sensitive additive  iriod '.ma red ohosf.horus with .lerchlorute,   carbon and 
boron being: irnierrir^iiate ir: this respect.    Fhosr»horus   .) .  sulfur, moreover, 
are not  tc   b(   ;■  : mi ended as both produce strong coiuc   .'heii :.:-.i.iized an. 
may thus lead tc  ■  '1 breakdown,  '■  ii.   to motathesia »iti: tie soaps as a 
result of tU-jir aciii^ nature, 

n combination of 2 grams of aluminum dust,  16  'T:;.s  . f potassium 
perchlorate and 100 grams    :' 8 per cent  »;el 1 ives an  improved mixture which 
burns completely to un ash but  loes n f  start burni;«-' viftrously until 
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combustion of the gasoline is almost complete.  In this -ray, the burning 
period is extended, and the total number of calories produced is increased. 
There is also a minor increase in density froir 0.750 to 0.341. If the 
perchlorate i3 not sufficiently finely ground (to 203 :.. .■:■:■.) it will settle 
fron the suspension after a period of a week or less, depending or. the degree 
of fineness. ..Tien th.- aluminum is replaced by magnesium, much spattering 
occurs and the heat transferred to the target is considerably reduced a3 a 
result, 

X. Conclusion. Of the various questions studied in the course of the 
investigations described ir. the foregoing report, that of the prevention of 
oxidation of the aluminum soars of the unuaturated fatty ueiis would appear 
tc have the greatest practical significance. It has loon shown conclusively 
that not only can this oxidution be prevented by one addition of various 
inhibitors but, also, that tho presence of these compounds ir. the amounts 
necessary to be effective has no deleterious effect en gasoline pels con- 
taining; the soaps in question. The additioii jf inhibitors in practice is 
simple ami increases the cost of tho finished product by a negligible 
amount, uorsover, it not only facilitates tli< manufactu i.. • operation by 
lessening the strictness of control necessary, but ensures that the finished 
materiul will not deteriorate tLrou?h oxidation in lonr periods of storage 
even unaer tropical conditions. 

It would seur. that further work i.:i..ht profitably be undertaken on 
the pos3ibiliries of v> rious emulsions as, in this way, a completely coi;.- 
bustible thickened fuel might be obtained, which, of course, is not possible 
when a soap is used as the thickening agent. The advantages of such a fuel 
might well be found to outweigh the disadvantage of thu complication of 
equipment,, which its preparation would involve,  ror thi3 saae reason, the 
preparation of gasoline gelß by ceans of some readily an i completely cc.-.- 
bustible gelling agent (as discussed on nafi     id f. ) should be further 
considered. 

It is also considered, in view of w;e results already obtained, 
that the possibilities <.-t  tall oil soups should he further investigated. 
This material is available in lar-o quantities l it', in the I'j.itod -tutee 
(in itself a point of no near, importance in view of t.,e slii.rinr situation) 
and very considerable economies would bo effected by its substitution for 
part or all oi' the more expensive coconut and naphther.ic acids, as these 
latter cost from twelve to fifteen cents per pounds as a~ai: st four cents 
for the tall oil acida. 
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Investigation was made covering various methods of obtaining thickened fuels for use in flame 
throwers, the purpose of this thickentng was to provide a fuel having a high calorific value, 
ready lgnttabil!ty, adhesiveness, resistance to disintegration in flight, and stability in storage. 
TesLs were made on thickened fuels obtained by suspensions of small partlcl~s of combustihle 
solids In the fuel base, emulsions of gasoline with various liquids, and gaso!Lie gels. The 
possible variations in the Napalm (aluminum soaps of coconut, naphihenic and oleic acids) 
formula, the effect of water and free acid, and soap complexity oo gasoline gels are given. It 
was concluded that soaps made from cheaper and more readily obtainable sources Of acid could 
be substituted for the standard Napalm acids. 
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